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1. Introduction

This Pre-Final (95%) Remedial Design Report (Design Report) presents the approaches for 
completing the remedial design action for the Willow Boulevard/A-Site Landfill Operable Unit 
(WB/A-Site OU) located in Kalamazoo, Michigan (Figure 1-1). The WB/A-Site OU is Operable 
Unit 2 (OU2) of the Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site (Site or 
Superfund Site), located in Kalamazoo and Allegan Counties, Michigan. On September 30, 
2009 a Consent Decree for the Design and Implementation of Certain Response Actions at 
Operable Unit 2 of the Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site (CD; 
Civil Action 1-09-cv-429) was entered in the United States (US) District Court for the western 
district of Michigan. The CD formalizes an agreement between Georgia-Pacific LLC (Georgia-
Pacific), the U.S. Environmental Protection Agency (USEPA), and the U.S. Department of 
Justice that governs the Remedial Design and Remedial Action phases of work at the WB/A-
Site OU. 

The elements of this Design Report are consistent with the selected Response Action specified 
in the Record of Decision (ROD) for the WB/A-Site OU (USEPA 2006) and the CD. 
Additionally, this Design Report was prepared in accordance with the National Oil and 
Hazardous Substances Pollution Plan, and the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) of December 11, 1980, as amended by the 
Superfund Amendments and Reauthorization Act of 1986 (SARA).

The Response Action consists of excavating and consolidating targeted materials containing 
polychlorinated biphenyls (PCBs) at concentrations above relevant criteria, creating a setback 
where necessary so there is no hydraulic connection between PCB-containing materials and 
the Kalamazoo River, installing groundwater monitoring wells, stabilizing banks and berms and 
establishing erosion controls across the OU, constructing a cover system over the consolidated 
materials, and implementing long-term maintenance, monitoring, and institutional controls. The 
work will also include a series of habitat restoration measures and an evaluation of the 
presence of the sheet pile wall at the A-Site Landfill portion of the OU. The end result will be 
implementation of the project in a manner that addresses conditions in the project area and 
improves the environment at the WB/A-Site OU, contributing to recovery of the Kalamazoo 
River system.

The CD requires development and submission of construction plans and specifications to 
implement the Response Action at the WB/A-Site OU. The Statement of Work (SOW) attached 
to the CD as Appendix C states that the remedial design process will be completed and 
submitted to USEPA in phases, as follows:
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• Preliminary Design (50% complete) – submitted July 9, 2010 (ARCADIS 2010a) – a formal 
letter of comment was received from USEPA on October 15, 2010; an Addendum to the 
Preliminary Design Report was submitted on October 13, 2010 (ARCADIS 2010f2010b)

• Pre-Final Design (95% complete) – this submittalsubmitted December 10, 2010 (ARCADIS 
2010c) – a formal letter of comment was received from USEPA on January 21, 2011.

• Final Design (100% complete) – this submittal

In this Pre-Final submittal of the Design Report, Georgia-Pacific and ARCADIS have 
incorporated and addressed USEPA comments on the Preliminary Pre-Final Design submittal 
and advanced the design to the 95100% level of completion. Similarly, upon receipt of USEPA 
comments on this Pre-Final submittal, Georgia-Pacific and ARCADIS will incorporate and 
address those comments in the Final Design submittal.

This Design Report is developed to facilitate USEPA review and approval of the elements and 
details of the remedial action. Georgia-Pacific anticipates that the Federal Trustees will review 
and provide comments on certain aspects of the remedial design in conjunction with USEPA 
and Michigan Department of Natural Resources and Environment (MDNRE) (previously 
Michigan Department of Environmental Quality [MDEQ]), but the responsibility for approval of 
this Design Report will rest solely with USEPA. Georgia-Pacific expects that USEPA will solicit 
comments from each of the trustees and MDNRE as appropriate, and provide their comments
to Georgia-Pacific.

1.1 Site Location

The WB/A-Site OU is located southeast of the intersection of Business I-94 and Highway M-96 
(King Highway) in Kalamazoo Township, Michigan. The OU is bordered by the Kalamazoo 
River to the north and northwest; Davis Creek and light commercial properties to the east; and 
Willow Boulevard, former Olmstead Creek, and residential areas to the south (Figures 1-1 and 
1-2). A fence exists around the southern and eastern property boundaries, with a single 
entrance off Lake Street in the southwest corner of the OU.

1.2 Site Description

The WB/A-Site OU consists of two disposal areas: the Willow Boulevard Landfill, which covers 
approximately 11 acres and includes the Willow Boulevard Drainageway Area, and the A-Site 
Landfill, which includes the area south of A-Site Berm, Olmstead Creek (considered part of the 
area south of A-Site Berm), the area east of Davis Creek, and the area near monitoring well 
AMW-3A (totaling approximately 22 acres). 
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The WB/A-Site OU is one of four land-based OUs associated with the Superfund Site. Paper-
making residuals (residuals), some of which contain measureable concentrations of PCBs, are 
present at the WB/A-Site OU. To assess the nature and extent of these materials, 
investigations have been completed in several areas as described in the ROD. These 
investigation areas, depicted on Figure 1-2, include:

• Willow Boulevard and A-Site Landfills
• Willow Boulevard Drainageway Area
• Area south of the A-Site Berm, including the former Olmstead Creek
• Area east of Davis Creek
• Area near monitoring well AMW-3A

The area east of Davis Creek and the area near monitoring well AMW-3A are considered 
ancillary areas within the WB/A-Site OU. The Willow Boulevard Drainageway Area is 
considered in conjunction with the Willow Boulevard Landfill, while the former Olmstead Creek 
and the area south of the A-Site Berm are considered in conjunction with the A-Site Landfill. 
Detailed descriptions of the various investigation areas of the WB/A-Site OU are provided in 
the Remedial Investigation/Focused Feasibility Study Report – Willow Boulevard/A-Site 
Operable Unit (RI/FFS Report; MDEQ 2004), and brief summaries are provided below.

1.2.1 Willow Boulevard Landfill

Georgia-Pacific acquired the Willow Boulevard Landfill (Figure 1-2) with the acquisition of the 
Kalamazoo Paper Company in 1967. Dewatered residuals excavated from the King Highway 
dewatering lagoons were sent to the Willow Boulevard Landfill from the mid-1960s until 
disposal operations ceased in 1975 with the opening of A-Site Landfill (Blasland & Bouck 
Engineers, P.C. [BBEPC] 1992). 

Between November 1999 and January 2000, Georgia-Pacific conducted an interim response
action (IRA) for the Willow Boulevard Landfill. Activities included excavating 7,000 cubic yards 
(cy) of residuals from along the western bank of the river adjacent to the landfill and the 
confluence of the former Olmstead Creek, placing the materials in the eastern portion of the 
landfill along with layers of clean fill, re-grading the landfill to promote stormwater drainage, and 
placing a 6-inch layer of clean soil on top of the landfill. Grass seed was sown to promote 
growth of a vegetative cover. A portion of the river edge was backfilled to create a soil berm 
along the Kalamazoo River, and geotextile and riprap were placed along the riverbank at points 
along the northeastern edge of the Willow Boulevard Landfill berm to protect the berm from 
erosion.
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1.2.1.1 Willow Boulevard Drainageway

The Willow Boulevard Drainageway Area (Figure 1-2) receives surface water runoff from the 
Willow Boulevard Landfill and surrounding areas. It is bordered by the Willow Boulevard 
Landfill to the north, the former Olmstead Creek to the east, Willow Boulevard to the south, and 
the Kalamazoo River to the west. Results of remedial investigations in 1999 confirmed that 
PCB-containing residuals are present in this area.

1.2.2 A-Site Landfill

The A-Site (Figure 1-2) was originally a series of dewatering lagoons used by the Allied Paper 
Company’s King Division Mill (Wilkins & Wheaton 1981) between 1960 and 1967. As residuals 
accumulated in the lagoons, the A-Site became known as the A-Site Landfill. Georgia-Pacific 
purchased the A-Site Landfill in 1975 and used it to dispose of paper residuals removed from 
the King Highway dewatering lagoons until 1977. Beginning in 1977, the A-Site Landfill 
received dewatered residuals from the Kalamazoo Mill filter press until active disposal at A-Site 
Landfill ceased in 1987 (BBEPC 1992). 

As part of an IRA conducted in 1998, a 1,700-foot long sheet pile wall was installed at the A-
Site Landfill along the length of the Kalamazoo River and extending approximately 150 feet 
south along Davis Creek (Figure 1-2). This wall, installed to protect the northern berm from 
erosion during high river levels, extends 1-2 feet above the 100-year flood elevation (identified 
as approximately 765.5 feet in the Federal Emergency Management Agency [FEMA] Flood 
Insurance Study [FEMA 1994]). 

In December 2006, a Time-Critical Removal Action (TCRA) was initiated to remove residuals at 
two Georgia-Pacific owned mill properties (the Refuse Area at the Kalamazoo Mill Property and 
the Oxbow Area at the former Hawthorne Mill Property) associated with the Superfund Site. 
The materials removed from the mill properties were placed in the A-Site Landfill, a temporary 
soil cover was constructed over the materials, and erosion controls were installed (ARCADIS 
BBL 2006a, 2006b, 2007c). 

1.2.2.1 Area South of A-Site Berm

The area south of the A-Site Berm (Figure 1-2) is adjacent to the landfill, and is bounded by the 
A-Site Berm to the north, Davis Creek to the east, residential properties to the south, and the 
Willow Boulevard Drainageway Area to the west. Portions of the former Olmstead Creek are 
located within this area, and results from remedial investigations in 1999 confirmed the 
presence of PCB-containing residuals. 
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The former Olmstead Creek (Figure 1-2) is an intermittent drainageway that begins within the 
area south of the A-Site Berm and flows west, separating the Willow Boulevard and A-Site
Landfills. The former Olmstead Creek discharges surface water drainage from portions of the 
A-Site Landfill and residential properties to the Kalamazoo River through a culvert that 
separates the Willow Boulevard and A-Site Landfills. This culvert will remain in place as part of 
the remedial action and its structural capacity will be verified by the Contractor prior to 
construction (as outlined in Technical Specification 01600). Results from remedial 
investigations in 1999 confirmed the presence of PCB-containing materials in the drainageway.

1.2.3 Ancillary Areas 

Two additional areas located outside of the physical boundaries of the Willow Boulevard and A-
Site Landfills are also included as part of the OU – the area east of Davis Creek, and the area 
near monitoring well AMW-3A. 

1.2.3.1 Area East of Davis Creek 

Davis Creek (Figure 1-2) originally followed the southern border of the A-Site Landfill and its 
outlet to the river was located between the Willow Boulevard and A-Site Landfills. In the early 
1930s, a public works project was completed to divert the creek so that it flowed straight from 
Carleton Avenue north to the Kalamazoo River. In response to frequent flooding of the 
adjacent Lakewood neighborhood, the Kalamazoo County Drain Commission installed flood-
diversion piping in 1972 under the Kalamazoo County Fairgrounds, Lakewood Elementary 
School, and Lake Street to divert the flow from Carleton Avenue to the Kalamazoo River. 

Across Davis Creek to the east of the A-Site Landfill is a 3.5-acre area vegetated with shrubs 
and trees that is partially bordered by a low earthen berm (Figure 1-2).The area is in a 
depression and is prone to flooding. During historical operations, at the A-Site Landfill, decant 
water from dewatering activity was discharged to this area. A thin layer of residuals (generally 
less than 6 inches, with some isolated 12-inch pockets) has been observed in this area.

1.2.3.2 Area near Monitoring Well AMW-3A

Also associated with the A-Site Landfill is the area near monitoring well AMW-3A, a 0.25-acre 
area located southeast of the WB/A-Site OU (Figure 1-2). This area lies west and immediately 
adjacent to Davis Creek, approximately 1,100 feet south of the Kalamazoo River and 175 feet 
south of the A-Site Landfill at the eastern end of Carleton Avenue. A residential neighborhood 
lies to the west. In 2000, the fence line along the western side of the area near monitoring well 
AMW-3A was relocated approximately 3 feet west to coincide with the western Georgia-Pacific 
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property line and create a barrier between residential properties and the Georgia-Pacific 
property, including monitoring well AMW-3A.

1.3 Summary of Selected Remedy

The remedial design/remedial action for the WB/A-Site OU will address existing residuals, 
soils, and sediments containing PCBs at concentrations above relevant criteria, which are 
described in Section 3.1.1. Consolidation and containment of the PCB-impacted materials, in 
conjunction with institutional controls, are the key elements of the selected remedy set forth in 
the ROD. Revegetation and mitigation activities will be implemented to address environmental 
impacts associated with construction of the remedy at the landfills and ancillary areas.

The major components of the remedy for the WB/A-Site OU, as described in the SOW, include 
the following:

• Evaluate the presence of the 1,700 foot-long sheet pile wall at A-Site Landfill and its impact 
on the execution of the remedial action. As described in Section 4.2, the design includes 
removal of the portion of this sheet pile wall that extends above the water line 
(approximately a 10-foot high section) of the Kalamazoo River.

• Excavate along the banks of the Kalamazoo River and in additional investigation areas 
(including the Willow Boulevard Drainageway, area south of A-Site Berm, area east of 
Davis Creek, and the area near monitoring well AMW-3A), per Section II.1 of the SOW.
This excavation includes a full setback of the bank to the north side of Willow Boulevard
Landfill.

• Consolidate and isolate PCB-containing materials under engineered cover systems
constructed on both landfills. The design of the cover systems will be in compliance with 
the relevant requirements of Part 115 Solid Waste Management, of the Natural Resources 
and Environmental Protection Act (NREPA) cover system specifications for closure of a 
solid waste disposal facility.

• Implement bank stabilization and erosion control measures to protect the cover systems
and contents of the landfills from a 100-year flood and address impacts of construction.

• Restore impacted wetlands in the area east of Davis Creek, in the Willow Boulevard 
Drainageway, and in the area south of the A-Site Berm.

• Install erosion protection and containment systems.
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• Implement short- and long-term monitoring programs.

• Implement institutional controls.

• Implement long-term maintenance.

• Implement additional provisions (e.g., mitigate noise and dust levels) as needed.

Each of these components is detailed further in Sections 4 and 5 of this Design Report.

1.4 Document Organization

This Design Report is divided into eight sections:

• Section 1: Introduction – Describes the areas comprising the WB/A-Site OU and states the 
objectives of this Design Report

• Section 2: Summary of Existing Information – Presents a synopsis of key data from 
historical remedial investigation work at the OU and pre-design investigation results

• Section 3: Design Objectives for the Remedial Action – Describes the basis of design, 
including relevant performance standards and key components of the remedy

• Section 4: Engineering Design – Discusses the engineering design of the Response Action 
activities and cover system installation, as well as the design of restoration/mitigation 
measures

• Section 5: Environmental Monitoring – Provides a description of the plan for environmental 
monitoring, both during and after the removal action

• Section 6: Substantive Requirements of Relevant Permits and Regulations – Describes the 
substantive requirements of permits required for cover system installation, closure of the 
landfills, and implementation of institutional controls

• Section 7: Project Deliverables and Construction Schedule – Provides a summary list of 
future submittals and supporting documents, along with the proposed project construction 
schedule

• Section 8: References – Lists the references used in preparing this Design Report
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The engineering design is shown on the proposed construction drawings and outlined in the 
technical specifications for the project, which are submitted concurrent with this Design Report. 
The construction drawings and technical specifications include details required to complete 
implementation of the remedy.
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2. Summary of Existing Information

The WB/A-Site OU has been the focus of a series of investigations since 1986. The nature and 
extent of PCBs were evaluated in a systematic way during the pre-RI field work conducted at 
the Willow Boulevard Landfill between 1986 and 1988, RI field work conducted at the OU 
between 1993 and 2000, and confirmation sampling associated with the IRA performed at 
Willow Boulevard Landfill and the confluence of Olmstead Creek in 1999 and 2000. All 
available analytical and physical characterization data collected during this time were 
summarized in the RI/FFS (MDEQ 2004). 

The PCB soil data were generated during a pre-design sampling effort conducted in early 
2010. Additional site survey, geotechnical, and residuals delineation data were also collected 
as part of this effort. 

The following subsections briefly summarize the results of the RI and pre-design studies. 
Pertinent information considered in the development of the remedial design (including pre-
design analytical data and figures from the RI/FFS report and Technical Memorandum 9 [BBL 
1995]) is included in Appendix A of this Design Report, and detailed data summaries and 
background information are included in the RI/FFS Report (MDEQ 2004). Tables 2-1 and 2-2 
provide an overall summary of soil PCB data that have been collected across the OU to date.

2.1 Remedial Investigation and IRA Activities

During development of this Design Report, key historical data from the RI field work and IRAs 
were assessed to characterize the OU and establish the necessary scope of supplemental pre-
design investigations. Data are summarized by medium – soil and sediment, surface water, air, 
and groundwater – in the sections that follow, along with information on geology and 
hydrogeology, geotechnical data, and a wetlands assessment.

2.1.1 Soil and Sediment

2.1.1.1 Remedial Investigation

RI work in 1993 and follow up investigations in 1999 were performed in accordance with the 
Willow Boulevard/A-Site Operable Unit Remedial Investigation/Focused Feasibility Study Work 
Plan (RI/FFS Work Plan; BBEPC 1993), approved by MDEQ. All data included in this section 
are described in more detail in the RI/FFS Report (MDEQ 2004).
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Willow Boulevard Landfill

Fifty-one soil samples (including duplicates) were collected from the Willow Boulevard Landfill
and adjacent land during the RI work in 1993. Surficial samples (generally the 0- to 6-inch 
interval) were submitted for PCB analyses; subsurface samples were submitted for PCB and 
Target Compound List/Target Analyte List (TCL/TAL) analyses. Select surficial samples were 
also analyzed for polychlorinated dibenzo-dioxins (PCDD) and polychlorinated dibenzo-furans 
(PCDF). Five sediment cores were collected from the Kalamazoo River adjacent to Willow 
Boulevard Landfill and analyzed for PCB. 

Total PCB concentrations in surficial residuals/soils samples ranged from not detected to 270 
milligrams per kilogram (mg/kg) (sample WMW-3A - see Figure 11 from Technical 
Memorandum 9, included in Appendix A). Total PCB concentrations in subsurface residuals 
samples collected during the RI and subsequent investigations in 1999 and 2000 from the 
Willow Boulevard Landfill (including the Drainageway Area) ranged from not detected to an 
estimated 160 mg/kg (sample WMW-4B - see Figure 11 from Technical Memorandum 9, 
included in Appendix A). There is no apparent vertical gradient of the PCB concentrations in 
Willow Boulevard Landfill residuals. However, PCB concentrations in deeper residuals were 
generally lower than those in the overlying residuals. Site investigations indicate that residuals 
are present at the Willow Boulevard Landfill to a depth of approximately 24 feet.

An investigation was conducted in 1999 to characterize soils along the southern and western 
boundaries of the WB/A-Site OU. Total PCB concentrations in five of the eight subsurface 
native soil samples collected from the Willow Boulevard Drainageway ranged from 0.39 to 30 
mg/kg. 

PCB concentrations in sediment samples collected during the RI from the Kalamazoo River 
north of the Willow Boulevard Landfill ranged from 0.16 mg/kg to 44 mg/kg (sample WRN-1, 
shown on Figure 13 from Technical Memorandum 9, included in Appendix A). Materials were 
excavated from these areas as part of the IRA and are discussed in Section 2.1.1.2.

A- Site Landfill

Five sediment cores were collected from the bank of the Kalamazoo River adjacent to the A-
Site Landfill and analyzed for PCBs. Samples were also collected from soil/residuals borings 
across the landfill. Surficial samples were submitted for PCB analyses; subsurface samples 
were submitted for PCB and TCL/TAL analyses. The surficial samples from select locations 
were also analyzed for PCDDs and PCDFs. 



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\final remedial design report-031011.docx 2-3
Project Number: B0064581.00670/B0064582.00670

Final (100%) Remedial Design 
Report Willow Boulevard/A-
Site Landfill, Operable Unit 2DRAFT FOR FEDERAL AND STATE REVIEW

PCB results are as follows:

• concentrations in surficial soil samples ranged from not detected to 0.48 mg/kg (sample 
AS-2, shown on Figure 11 from Technical Memorandum 9, included in Appendix A)

• concentrations in subsurface soil samples ranged from not detected to 330 mg/kg (sample 
AMW-10B, shown on Figure 11 from Technical Memorandum 9, included in Appendix A)

• concentrations in sediment samples ranged from not detected to 0.14 mg/kg (sample ARN-
4, shown on Figure 13 from Technical Memorandum 9, included in Appendix A)

PCB concentrations in A-Site Landfill soils/residuals increased gradually with depth below the 
surface to a subsurface maximum of 330 mg/kg at 22 to 24 feet below ground surface (bgs)
(Sample AMW-10B). From this depth, PCB concentrations tended to decrease to the base of 
the residuals (e.g., 5.2 mg/kg at a depth of 27 feet bgs in sample AMW-10B). Results from pre-
RI sampling efforts (Swanson 1990) indicated the presence of residuals to a depth of 29 feet. 
Further investigations (BBEPC 1992) indicated that the depth of residuals was 27 feet in the 
eastern half of the landfill and 15 feet in the western half, as presented in the Description of the 
Current Situation (DCS; BBEPC 1992).

Area South of A-Site Berm

Three surficial soil samples were collected in the area south of the A-Site Berm during the 
initial RI activities in 1993. The total PCB concentrations in these surficial soil samples ranged 
from not detected to 0.77 mg/kg (sample ARS-1, shown on Figure 11 from Technical 
Memorandum 9, included in Appendix A). A surficial soil sample was collected from the area 
south of the A-Site Berm in a subsequent round of sampling in 1999 from FLA-SB-24 with a 
resulting PCB concentration of 14 mg/kg.

Further investigation was conducted in 1999 to characterize soils and residuals along the 
southern and western boundaries of the OU. Nine out of 19 samples collected in the area 
south of the A-Site Berm had PCB concentrations ranging from 0.36 to 37 mg/kg (seen in 
sample FLA-SB-12, shown on Figure 17 from the RI/FFS, included in Appendix A). PCBs were 
not detected in the remaining 10 samples. 

Area Near Monitoring Well AMW-3A

Surficial soil samples were collected in the AMW-3A area during three rounds of sampling on 
property owned by Georgia-Pacific and Kalamazoo Township between 1993 and 1999. Total 
surficial PCB concentrations in the AMW-3A area ranged from not detected to 5.9 mg/kg 
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(sample SB-3A-213, shown on Figure 18 from the RI/FFS, included in Appendix A). Total 
subsurface soil PCB concentrations ranged from not detected to an estimated 62 mg/kg (at a 
depth interval of 2-4 feet bgs [sample AMW-3A, shown on Figure 18 from the RI/FFS, included 
in Appendix A]). All detected PCBs were located within the extent of the Georgia-Pacific 
property.

Area East of Davis Creek

Total PCB concentrations in surficial soil samples collected from the area east of Davis Creek 
ranged from not detected to 36 mg/kg (sample EDC-1, shown on Figure 19 from the RI/FFS, 
included in Appendix A). Total PCB concentrations in the three sediment samples collected 
from Davis Creek were 0.12 mg/kg, 0.053 mg/kg, and 0.054 mg/kg, respectively. 

2.1.1.2 Interim Response Action

During the IRA conducted from November 1999 to April 2000, the sediment to the west of the 
Willow Boulevard Landfill was excavated, and post-excavation confirmation sampling was 
conducted. PCBs were detected in three of the 21 sediment samples collected by BBL 
adjacent to the Willow Boulevard Landfill, with a maximum concentration of 0.99 mg/kg. MDEQ 
also collected post-excavation sediment samples – concentrations ranged from not detected to 
5.3 mg/kg. After sampling, the top few inches of sediment in the area surrounding sample 
locations SS-59 through SS-62 (containing the maximum concentration of 5.3 mg/kg) were
scraped off with the excavator.

The confluence of the former Olmstead Creek and the river was also excavated as part of the 
IRA, and post-excavation confirmatory sampling was conducted. Results from post-excavation
samples collected at the former Olmstead Creek ranged from not detected to 0.75 mg/kg (at 
location SS-04); MDEQ sample results ranged from not detected to 14 mg/kg (in a split of 
sample SS-04). 

It was agreed, during a February 7, 2000 conference call with the MDEQ and confirmed in a 
letter dated February 8, 2000 (Brown 2000), that any PCB-containing material remaining in the 
river adjacent to the Willow Boulevard Landfill and at the Olmstead Creek confluence will be 
addressed as part of the remedy for the Kalamazoo River, not as part of the WB/A-Site OU 
remedy.

2.1.2 Surface Water

A total of four surface water samples collected from Olmstead Creek and Davis Creek in 1993 
were analyzed for PCBs, TAL constituents, and general water quality parameters.



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\final remedial design report-031011.docx 2-5
Project Number: B0064581.00670/B0064582.00670

Final (100%) Remedial Design 
Report Willow Boulevard/A-
Site Landfill, Operable Unit 2DRAFT FOR FEDERAL AND STATE REVIEW

The total PCB concentration in the only surface water sample collected from Olmstead Creek 
(OCD-SW) was an estimated value of 0.17 micrograms per liter (µg/L).

PCBs were not detected in the three surface water samples collected from Davis Creek (DCU-
SW, DCM-SW, and DCD-SW). 

2.1.3 Air

Between June and August of 1993, air samples were collected from 5 locations around the 
perimeter of the OU and at two background sampling stations in Battle Creek once every 6 
days until 15 samples were collected. Background air samples were collected at the Battle 
Creek locations on 13 of the 15 days – no samples were collected on the first two days as 
there was difficulty in bringing electricity to the samplers. A total of 101 air samples were 
subsequently analyzed for PCBs. Results are summarized below.

• Particulate-phase PCBs were not detected on the glass-fiber filters used to collect air 
samples from the WB/A-Site OU and Battle Creek. 

• Mean vapor-phase PCB concentrations at the OU air sample locations ranged from 
0.00049 micrograms per cubic meter (µg/m3) to 0.0029 µg/m3. 

• Mean vapor-phase PCB concentrations at the two Battle Creek locations were 0.00026 
µg/m3 and 0.00041 µg/m3. 

Vapor-phase PCB concentrations at the WB/A-Site OU were below the acceptable limit of 0.02 
µg/m3 established in MDEQ’s Secondary Risk Screening Level, Part 55, Air Pollution Control of 
the NREPA, 1994 of PA 451, Rule 225(2). 

Air sampling was also conducted during the 1999/2000 IRA. A total of 301 air samples were 
collected and analyzed for PCB from three air sampling locations. All results were below 
detectable levels (and therefore below MDEQ’s acceptable limit) during the extent of the 
interim response activities. 

2.1.4 Groundwater 

Monitoring wells at the OU were installed to monitor groundwater. Between 1993 and 2000, a
total of 76 groundwater samples were collected from 28 monitoring wells (shown on Figure 22 
from the RI/FFS, included in Appendix A) and analyzed for PCBs and general water quality 
parameters; 26 groundwater samples were analyzed for TCL/TAL constituents. Results of the 
sampling are summarized below. 
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Willow Boulevard Landfill

PCBs were detected in one of five groundwater samples collected at the Willow Boulevard 
Landfill in October 1993. The sample taken at WMW-3A contained a PCB concentration of 1.5 
µg/L, with a detection limit of 1 µg/L. In August 1995, a 0.2 µg/L method detection limit was 
used, and PCBs were detected at 0.28 µg/L in a groundwater sample collected from monitoring 
well WMW-3A. The PCBs detected in the groundwater sample collected from monitoring well 
WMW-3A were suspected to be attributable to artifacts of well installation. To test this 
hypothesis, on August 19, 1996 a double-cased replacement well (WMW-3AR) was installed 
21 feet from monitoring well WMW-3A. Monitoring well WMW-3AR has been sampled twice 
(August 30, 1996 and November 16, 2000) since installation, and PCBs were not detected in 
either 1996 at the 0.2 µg/L reporting limit or in 2000 at the 0.051 µg/L reporting limit. These 
results support the hypothesis that the past detections of PCB at monitoring well WMW-3A 
may be an artifact of well construction.

PCBs were not detected in any of the samples collected during the most recent groundwater 
sampling conducted at the Willow Boulevard Landfill in November 2000. The 2000 round of 
sampling is considered to be the most representative of conditions at the landfill based on 
advancements made to sampling techniques (e.g., low-flow methods) relative to sampling 
methods used in earlier efforts.

A-Site Landfill

PCBs were not detected in any of the 32 groundwater samples collected at the A-Site Landfill 
in October 1993 or August 1995. PCBs were detected in 11 of 22 groundwater samples 
collected from the A-Site Landfill during the November and December 2000 activities.
Concentrations ranged from not detected to an estimated 0.18 µg/L. MDEQ split samples 
collected from the same wells ranged from not detected to an estimated 0.11 µg/L. 

Area near Monitoring Well AMW-3A

PCBs were not detected in the groundwater samples collected from AMW-3A during the 
October 1993 and August 1995 sampling activities. An estimated PCB concentration of 0.069 
µg/L was detected during the November 2000 sampling activities, and a PCB concentration of 
0.059 µg/L was detected during the December 2000 sampling activities. 

2.1.5 OU-Specific Geology/Hydrogeology

Hydrogeological investigation activities were conducted at the WB/A-Site OU in 1993, 1995, 
1996, and 2000. The discussion below pertains to the most recent investigation in November 
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2000, in which activities included inspection of all existing monitoring wells, rehabilitation of the 
groundwater monitoring network (including the installation of two river gages), and 
redevelopment and sampling of 23 groundwater monitoring wells. Samples were collected for 
PCB analysis, as summarized in the previous section, and a variety of additional parameters 
were measured/evaluated as part of an assessment of groundwater flow conditions.

The overburden materials observed in the immediate vicinity of the WB/A-Site OU were seen 
to consist of a sequence of residuals underlain by a discontinuous organic-rich peat unit, above 
relatively permeable glacial outwash units composed of fine to coarse sand and fine sand 
deposited as relatively permeable glacial outwash units. To illustrate the stratigraphic sequence 
observed at the WB/A-Site OU, four generalized geologic cross-sections are included in 
Appendix A. The residuals are vertically continuous across both landfills. Cross-section A-A’ 
shows the stratigraphic trends from the west side of Willow Boulevard Landfill to the east side 
of A-Site Landfill (Figure 12A in Appendix A); cross-section B-B’ shows the stratigraphy for the 
A-Site Landfill in a north-south direction (Figure 12B in Appendix A); cross-section C-C’ shows 
the stratigraphy for the Willow Boulevard Landfill in a north-south direction (Figure 12B in 
Appendix A); and cross-section D-D’ shows the stratigraphy for the A-Site Landfill in a north-
south direction through the berm and sheet pile (Figure 12C in Appendix A).

These four cross-sections illustrate the continuity of residuals across both landfills. Residuals at 
the Willow Boulevard Landfill are generally characterized as gray clay-rich material with “little” 
(10 to 20%) to “some” (20 to 35%) paper fibers. The clay present in the residuals is a raw 
material that was used in the paper-making process. The residuals are generally 
homogeneous with little variation in color or texture. The shallower residuals are very 
compressible while the deeper residuals are less compressible. Boring observations have 
shown that the residuals are typically damp at the surface, with water content increasing to 
moist with depth. No perched zones of saturation were observed within the residuals at the 
Willow Boulevard Landfill.

The color and texture of residuals at the A-Site Landfill vary with depth. The upper half to two-
thirds of the residuals generally rang from gray clay materials with little to some paper fibers to 
gray paper fiber with some clay. The deeper deposits contain materials with green, gray-green, 
brown, and dark green colors and a texture of paper fibers with some to “trace” (<10%) clay. 
The residuals were damp at the surface at most locations, with water content increasing to 
moist with depth. At well clusters in the A-Site Landfill, isolated saturated zones within the 
residuals were encountered, necessitating the installation of shallow wells to monitor perched 
water in these zones (AMW-6P, AMW-7P, AMW-9P, and AMW-10P [Figure 12 from the 
RI/FFS included in Appendix A]).
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Based on a review of groundwater elevations collected on November 10, 2000 (summarized in 
Appendix A), the water table exists at an elevation above the base of the residuals at the 
following monitoring well clusters: AMW-1, AMW-7, AMW-8, AMW-9, AMW-10, and WMW-3 
(locations shown on Figure 12 of Technical Memorandum 9). The interior and western portions 
of the Willow Boulevard Landfill contain residuals that have been shown to exist to 7 feet below 
the groundwater table. The interior of the A-Site Landfill also contains residuals that exist as 
much as 4 feet below the groundwater table.

Hydraulic conductivity estimates, based on slug tests conducted on wells installed in the 
various subsurface units, including native materials and residuals, range from 8.8 x 10-2 to 1.7 x 
10-4 centimeters per second (cm/s). The hydraulic conductivity estimates of residuals at the 
WB/A-Site OU based on slug tests conducted on wells installed within the residuals range from 
2.0 x 10-3 to 1.7 x 10-4 cm/s. 

The berms at the A-Site Landfill were typically constructed directly over the peat unit near the 
Kalamazoo River. Over time, as wastewater from the paper-making operations was decanted, 
the residuals accumulated behind these berms. As a result of clay content, residual deposits 
may have hydraulic conductivity values (based on studies of other paper residuals sites) 
ranging from 4.2 x 10-4 to 5.8 x 10-8 cm/s (Maltby and Eppstein 1996), and the more highly 
compressed and compacted residuals near the base of the deposits could be represented by 
the lower hydraulic conductivities. In comparison, the estimated hydraulic conductivity values 
determined for the native glacial materials range from 8.8 x 10-2 to 4.3 x 10-4 cm/s.

Potentiometric surface elevations and in situ hydraulic conductivity data were used to evaluate 
groundwater flow rates and directions. The apparent general groundwater flow direction at the
water table beneath the Willow Boulevard Landfill is from the south to the north; groundwater 
flow direction at the water table beneath the A-Site Landfill is also generally from the south to 
the north, with some deflection of groundwater along the western edge of the A-Site Landfill 
toward the northwest in the direction of Davis Creek. 

The vertical groundwater flow gradients at well clusters WMW-1/1A, WMW-3/3AR, WMW-
4A/4B, AMW-3/3A, AMW-6A/6B, AMW-7A/7B, AMW-8A/8B, AMW-9A/9B, and AMW-10A/10B 
(see Figure 22 from the RI/FFS, included in Appendix A, for well locations) were calculated 
using groundwater elevation data collected from October 8, 1993 to December 15, 1993; 
August 16, 1995 to August 30, 1995; and October 30, 2000 to November 18, 2000. The results 
indicated that, on average, a slight downward vertical gradient exists between shallow and 
deep wells at most of the well cluster locations. Slight upward vertical gradients were observed 
during one or more of the monitoring dates at the well cluster locations WMW-1, WMW-4, 
AMW-3, AMW-7, and AMW-8. The downward vertical gradients at the WB/A-Site OU are 
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expected to be mitigated at depth by the upward head associated with regional 
discharge/recharge to the river (MDEQ 2004).

The average horizontal groundwater flow gradient at the A-Site Landfill was calculated to be 
approximately 0.004 feet/feet based on data collected between October 30, 2000 and 
November 18, 2000. The average horizontal groundwater flow gradient for the Willow 
Boulevard Landfill was calculated to be 0.005 feet/feet for the seven measurements taken 
between October 30 and November 18, 2000.

2.1.6 Geotechnical Data

A geotechnical laboratory testing program was completed as part of the RI and included 
measuring moisture content, organic carbon content, Atterberg Limits, specific gravity, 
gradation, one-dimensional consolidation, and unconsolidated/undrained (UU) tri-axial shear. 
Field testing included in situ vane-shear tests. The testing was performed in accordance with 
American Society for Testing and Materials (ASTM)-approved methods. The laboratory 
program was conducted on samples from the A-Site Landfill only, as the historical data for the 
Willow Boulevard Landfill could not be used for preliminary analyses (Dell Engineering, Inc.
1988). Preliminary results of the Geotechnical Investigation are presented in Appendix I of 
Technical Memorandum 9 – Willow Boulevard/A-Site Operable Unit (Blasland, Bouck & Lee, 
Inc. [BBL] 1995). Residuals stability, erosion control, and berm stability are further considered 
in Sections 3 and 4 of this report, supplemented with data collected during the 2010 pre-design 
investigation work (see Section 2.2).

2.1.6.1 Willow Boulevard Landfill

Geotechnical sampling was not conducted as part of the RI/FFS at the Willow Boulevard 
Landfill because site-specific geotechnical data already existed and berms do not extend 
around the site. In 1988, Dell Engineering obtained three samples from the Willow Boulevard 
Landfill for laboratory testing. Their laboratory testing program focused on the compaction and 
permeability characteristics of the material. As-received permeabilities were about 2.5x10-8

cm/s, and remolded permeabilities were about 8.0x10-7 cm/s. The maximum dry density was 
65.3 pounds per cubic foot (pcf) and the optimum moisture was 43%, with as-received 
moisture contents ranging from 55 to 68%. The specific gravity of the residuals was 2.25. 
Atterberg Limits performed on the samples indicated that the residuals typically had liquid limits 
of about 65 to 68% and plastic limits of about 59% (Dell Engineering, Inc. 1988). The bulk 
sample appeared to have portions that were non-plastic. 
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2.1.6.2 A-Site Landfill

The parameters from the laboratory testing program were used for the berm stability analyses 
and for preliminary assessments of the residuals’ stability and compressibility.

In 1993, field vane shear testing was conducted at A-Site boring AMW-9A at a depth of 12 to 
14 feet bgs. The computed peak shear strength was 880 pounds per square foot (psf) and the 
remolded shear strength was 250 psf. The attempted vane shear test at A-Site boring AMW-6P 
(5 to 7 feet bgs) indicates the shear strength is greater than 600 psf. Attempts to conduct a test 
of higher strength capacity using the smaller vane were unsuccessful, as the residuals resisted 
penetration by the vane.

In general, laboratory testing was performed on two types of material: residuals and berm 
material (consisting of sand, peats, and clays). The test results for each of these materials are 
discussed briefly below. 

The residuals at A-Site Landfill typically had consistently high organic content (27 to 70 percent 
by weight) and moisture content (47 to 199 percent by weight). The moisture content is 
expressed as a ratio of the weight of water in the sample to the dry weight of the soils. The high 
organic content of the residuals was principally related to the presence of organic paper fiber in 
these materials. The specific gravity results of the residuals at the A-Site Landfill were typically 
low, about 1.8 to 2.3, which was expected based on the high organic content. The Atterberg 
Limits were also high, with liquid limits of 0 to 169% and plastic limits of 72 to 84%. These 
Atterberg Limits and high organic content classify the residuals as an organic clay or silt in the 
Unified Soil Classification System. Residuals’ dry densities were typically very low, 27 to 36 pcf, 
and the wet densities were also low, about 65 to 75 pcf.

A Shelby tube of cohesive soil from A-Site boring GEO-2 was tested for moisture content, 
Atterberg Limits, and gradation. The soil was found to be low-plasticity silty sand. An
Unconsolidated Undrained (UU) tri-axial shear test was performed, as there was insufficient 
material to perform an isotropically consolidated undrained (CIU) tri-axial shear test – the 
undrained shear strength was determined to be 3,484 psf, indicating a very stiff material. 

Two consolidation tests were performed from two Shelby tubes of residuals collected from the 
A-Site Landfill; the materials were found to be moderately to highly compressible. A UU tri-axial 
shear test was performed on the Shelby tube sample from AMW-9A to evaluate the undrained 
shear strength. The undrained shear strength was found to be 330 psf at a strain of 11%. This 
shear strength was lower than the peak shear strength measured in the vane-shear testing 
about 2 feet above the Shelby tube sample depth. The difference could be due to disturbance 
during shipping or due to in situ variations.
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At the A-Site Landfill, four disturbed samples of native soil (appearing to contain organic 
matter) from borings GEO-1, G20-1, and P-1D at depths near the base of the berms were 
tested for organic content and moisture content. The organic content results were low to 
moderately high with a range of 1.2 to 9.7 percent by weight. The moisture content results were 
also relatively low to moderately high with a range of 4 to 74 percent by weight. A sand sample 
from A-Site Landfill boring GEO-1 was tested for gradation and found to be fine sand with little 
silt and a trace of gravel.

2.1.7 Wetlands Assessment

A wetlands assessment (visual observation) at the WB/A-Site OU was completed as part of the 
1993 RI activities and updated in May 2010 as part of the pre-design investigation work (see
Section 2.2.4). Work included a desktop review of maps and other information followed by field 
verification. The National Wetlands Inventory (NWI) map (U.S. Fish and Wildlife Service 
[USFWS] 1991) and the United States Geological Survey (USGS) topographic map (USGS 
1973) for the Kalamazoo Quadrangle were reviewed, then a field investigation was carried out 
to verify vegetation, hydrology, and soil parameters in three areas near the WB/A-Site OU 
identified as wetlands. 

Three types of palustrine areas (wetlands) were identified from the NWI map in the vicinity of 
the WB/A-Site OU:

• palustrine unconsolidated bottom, semi-permanently flooded – in the Willow Boulevard 
Landfill and three areas of the A-Site Landfill

• palustrine broad-leaved deciduous forest subject to seasonal flooding wetland – at the 
southern edge of the WB/A-Site OU, encompassing part of the former Olmstead Creek

• palustrine emergent semi-permanently flooded wetland – in an area of the A-Site Landfill 
and in the area east of Davis Creek.

Of these NWI areas, only the areas on the southern side of the OU and in the area east of 
Davis Creek were identified as wetlands during field investigations. While the extent of 
wetlands on the southern side of the OU was consistent with the NWI mapping, the extent 
within the area east of Davis Creek was observed to be greater than shown on the NWI map. 
Wetland characteristics were also observed on the western edge of the Willow Boulevard 
Landfill during the field assessment. An additional area on the southern side of the A-Site
Landfill, which includes a portion of the former Olmstead Creek channel, was also identified in 
the field. Approximate wetland areas are shown on Figure 2-1.
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2.2 Pre-Design Investigation

A pre-design investigation was performed in March 2010 to supplement existing information 
described in the RI/FFS Report (MDEQ 2004) and generate sufficient data to complete the 
remedial design. The pre-design activities consisted of a geotechnical investigation, soil PCB 
sampling, a topographic survey, and wetland characterization. Each effort is briefly described 
below.

2.2.1 Geotechnical Investigation and Further Characterization of Residuals

The subsurface investigation was completed in targeted areas of the WB/A-Site OU in March 
2010 to: 1) characterize geotechnical properties of soils, and 2) further characterize the 
presence of residuals. The information gathered related to geotechnical properties was used to 
perform design analyses including slope stability analysis in support of the design of the berm, 
final cover system, slope, and erosion protection system. The incorporation of these analyses 
into the design is described throughout Section 4.

A-Site Landfill

Six geotechnical borings were located along the perimeter slopes of the A-Site Landfill, 
adjacent to the Kalamazoo River and Davis Creek to gather necessary information to design 
the removal of the existing sheet pile wall and develop appropriate contours for the adjacent 
berm slopes. Two additional borings were advanced at the A-Site Landfill – one near the center 
of the landfill where the longest slopes are present, and another along the southern slope. The 
data obtained from these borings were used primarily to verify the thickness of residuals and 
their estimated strength. Six delineation borings were located on the northern side of the 
landfill. One of these delineation borings was co-located with a geotechnical boring. Boring 
locations are shown on Figure 2-2.

Results of the geotechnical borings show that the berm is composed of loose silty sand that 
becomes medium dense at approximately 20 feet bgs. In addition, thin layers (i.e., 2 to 4 feet) 
of gravel, clay and peat layers were also encountered at various depths during drilling. Paper 
residuals were encountered in borings GT-AS-2 and GT-AS-3 (see Figure 2-2). Water levels 
were encountered between 14 and 18 feet bgs.

Laboratory test results from the A-Site borings show that the silty sand berm has an 
approximate internal angle of friction of 32 degrees and a specific gravity of approximately 2.8. 
Consolidation testing performed on the paper residual material indicated that the paper 
residuals have high compressibility and low permeability and may be sensitive to consolidation 



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\final remedial design report-031011.docx 2-13
Project Number: B0064581.00670/B0064582.00670

Final (100%) Remedial Design 
Report Willow Boulevard/A-
Site Landfill, Operable Unit 2DRAFT FOR FEDERAL AND STATE REVIEW

and loading during re-grading activities. The paper residuals also have a liquid limit of 64 and a 
plasticity index of 16, which classifies it as a high plasticity silt.

The delineation borings generally indicated residuals thickness of 16 feet across the A-Site
Landfill.

Willow Boulevard Landfill

Eight geotechnical soil borings were located along the perimeter of the assumed critical slope 
areas at the Willow Boulevard Landfill, and six delineation borings were located adjacent to the 
southern side of the landfill in the Drainageway area to complete the existing data set in this 
location. Boring locations are shown on Figure 2-2. 

Borings installed at the Willow Boulevard Landfill indicated a granular perimeter berm 
consisting of loose fine to medium sand along with layers of soft to medium stiff silty/sandy 
clays with trace amounts of paper residuals in some borings. The sand and clay berm is 
underlain by a medium dense gravel layer that is encountered between 20 and 25 feet bgs. 
Water levels were encountered between 7 and 14 feet bgs.

Laboratory test results from the Willow Boulevard Landfill borings show results similar to those 
from the A-Site Landfill borings. The granular berm material has an internal angle of friction 
ranging from 32 to 40 degrees and a specific gravity of 2.8. The clay material is highly 
compressible, with a liquid limit ranging from 60 to 102 and plasticity index ranging from 16 to 
31.

The paper residuals delineation borings generally indicated a residuals thickness of 16.5 feet 
throughout the Willow Boulevard Landfill.

Complete results of the pre-design geotechnical investigation and residuals characterization 
are presented in Appendix A. 

2.2.2 Soil Sampling and Analysis

To define the extent of necessary excavation in the areas of the Willow Boulevard 
Drainageway, the area south of A-Site Berm, and the area east of Davis Creek, soil samples 
were collected at one-foot intervals to a depth of three feet from the 37 locations identified on 
Figures 2-3 and 2-4 (13 locations in the Willow Boulevard Drainageway, 20 in the area south of 
A-Site Berm, and 4 in the area east of Davis Creek) and analyzed for PCBs and total organic 
content (TOC). 
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Results from the pre-design PCB sampling are presented in Appendix A-4. Across the Willow 
Boulevard Drainageway, PCB concentrations ranged from not detected to a maximum of 94 
mg/kg in the 2-3 foot interval at location WB09-3. Concentrations were generally higher on the 
western and eastern portions of the drainageway. 

In the area south of the A-Site Berm, PCB concentrations ranged from not detected to a 
maximum of 11 mg/kg in the 1-2 foot interval at AS09-14. Higher concentrations were generally 
seen in the south-central portion of this area. In the area east of Davis Creek, PCB 
concentrations ranged from not detected to a maximum of 3 mg/kg in the 0-1 foot depth interval 
at DC-03.

2.2.3 Pre-Design Site Topographic Survey

A topographic survey was performed north of the sheet pile wall at the A-Site Landfill and north 
of the riprap at the Willow Boulevard Landfill to gain an understanding of the existing conditions 
of the Kalamazoo River in these areas. This information has been used to design the habitat 
mitigation approach and select the materials that will be placed outside the limits of the final 
cover system at the OU. The survey information was combined with data already collected 
during topographic survey work performed by Prein and Newhof in 2007. The raw survey data 
are presented in Appendix A and included in the construction drawing package where 
appropriate.

2.2.4 Wetland Observation

Although not proposed in the Remedial Design Work Plan for the OU (RD Work Plan; 
ARCADIS 2010b2010d) , in conjunction with other work in the Kalamazoo area, ARCADIS 
biologists conducted a field visit at the WB/A-Site OU on May 19, 2010 to identify the dominant 
vegetative species of the previously-defined wetland habitats and riparian corridor of the 
Kalamazoo River. Tree, shrub, vine, and herbaceous species observed along the southern
bank of the Kalamazoo River in the project area, the wetland system associated with the area 
east of Davis Creek, and the former Olmstead Creek corridor south of the A-Site Landfill were 
identified and recorded. The list of species observed in the various habitats was used to
develop plans for the restoration of habitats that will be disturbed during remedial activities. 
Portions of these wetland areas will be disturbed due to excavation activities and restored 
appropriately. The discussion of habitat restoration is presented in Section 4.9 of this 
document.
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2.3 Indiana Bat Habitat Survey and Mussel Survey

The Indiana bat (Myotis sodalis), is listed as an endangered species by the USFWS in the 
general vicinity of the project area. The bats hibernate in caves over the winter, and then 
migrate to summer habitat in wooded areas where they usually roost under loose tree bark on 
dead or dying trees (USFWS 2009). Habitat has been identified in the project area that has the 
potential to accommodate the Indiana Bat. A site survey was therefore conducted in October 
2010 to identify trees in the project area where the Indiana bats might roost. Eight such trees 
were identified, seven of which are located in the central part of the area south of A-Site Berm. 
The eighth is located in the area east of Davis Creek near the access bridge to A-Site Landfill. 
These trees will be removed before April 2011. The report summarizing bat habitat locations is 
included in Appendix A-5.

Similarly, a large number of mussel species are also listed as endangered and have the 
potential to be impacted by construction activities at the OU if mussel beds are located in close 
proximity to the river bank. A mussel survey was therefore conducted in October 2010 to 
determine if any such mussel beds exist. A diverse population of mussels was found 
immediately adjacent to (within 0-15 feet) and in the vicinity of the OU, with the greatest mussel 
density occurring adjacent to the sheet pile wall at the A-Site Landfill. No threatened or 
endangered mussel species were among the 429 mussels identified. A summary report of the 
findings is included in Appendix A-6. 



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\final remedial design report-031011.docx 3-1
Project Number: B0064581.00670/B0064582.00670

Final (100%) Remedial Design 
Report Willow Boulevard/A-
Site Landfill, Operable Unit 2DRAFT FOR FEDERAL AND STATE REVIEW

3. Design Objectives for the Remedial Action

The remedial action for the WB/A-Site OU is being designed to address existing residuals, 
soils, and sediments containing PCBs at concentrations above relevant criteria. Consolidation 
and containment of the PCB-impacted materials, in conjunction with habitat restoration and
institutional controls, are the key elements of the selected remedy set forth in the ROD. 
Revegetation and mitigation activities will address environmental impacts associated with 
implementation of the remedial action at the landfills and ancillary areas (described in
Section 1).

3.1 Basis of Design

As specified in the ROD, the Remedial Action Objectives (RAOs) at the WB/A-Site OU are to:

• Eliminate exposure to PCB-contaminated material exceeding applicable land-use and/or 
risk-based cleanup criteria

• Prevent PCB migration, via erosion or surface water runoff, into the Kalamazoo River

• Mitigate, to the extent practicable, adverse effects to the environment due to 
implementation of a remedial action

Implementing the selected remedy at the WB/A-Site OU – which includes excavation, 
installation of a cover system over both the Willow Boulevard and A-Site Landfills, installation 
of erosion protection and containment systems, evaluation of the sheet pile wall at A-Site
Landfill, mitigation of impacts associated with implementation and impacts to specific wetland
habitats, short- and long-term monitoring, institutional controls, and long-term maintenance –
will achieve the relevant performance standards and satisfy the RAOs. Specifically, the 
selected remedy will minimize exposure to and migration of PCB-containing material through 
excavation of a setback area at the Willow Boulevard Landfill, placement of an engineered 
cover system, implementation of stormwater management/erosion control measures, and 
mitigation of adverse environmental effects resulting from implementation of the remedial 
action.

3.1.1 Performance Standards 

The performance standards for the remedial action at the WB/A-Site OU include cleanup 
standards, standards of control, quality criteria, and other substantive requirements, criteria, or 
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limitations, including Applicable or Relevant and Appropriate Requirements (ARARs), as set 
forth in the ROD, SOW, and CD.

3.1.1.1 Cleanup Standards

Potentially relevant cleanup standards include, but are not limited to:

• Part 201 Generic Commercial II and Industrial Land Criterion of 16 mg/kg PCBs in soil, 
which is to protect the health of onsite workers and/or trespassers (Michigan Administrative 
Code 1995).

• Part 201 Generic Residential Land Use Criterion of 4 mg/kg PCBs in soil, which is to 
protect human health for residential land use (Michigan Administrative Code 1995).

• The No Observed Adverse Effect Level to Lowest Observed Adverse Effect Level range of 
6.5 to 8.1 mg/kg (Camp Dresser & McKee, Inc. [CDM] 2003a) in soil and/or sediment to 
protect terrestrial ecological receptors.

• Michigan Department of Natural Resources and Environment (MDNRE) non-detect value 
for PCBs of 0.33 milligrams per kilogram (mg/kg).

The cleanup standards listed above were identified based on the expected nature and scope of 
work that will be implemented to complete the remedial action. 

As described in the RD Work Plan (ARCADIS 2010b2010d), soil remediation is anticipated to 
occur primarily on property owned by Georgia-Pacific that is zoned for light industrial use – as 
a result, the Part 201 Generic Residential Land Use Criterion of 4 mg/kg for PCBs in soil is not 
a basis of design for the remedial action. The PCB criterion that is the basis of design for most 
of the OU is 6.5 mg/kg, which is the lower end of the No Observed Adverse Effect Level range 
identified above. In accordance with the ROD, and following comment by USEPA on the 
Preliminary Design Report, for all portions of the Willow Boulevard Drainageway, area south of 
A-Site Berm (including Olmstead Creek), and area east of Davis Creek, the basis of design is 
the sediment cleanup criterion of 0.33 mg/kg. Figure 3-1 indicates the various cleanup criteria 
that have been applied across the OU.

3.1.1.2 Applicable or Relevant and Appropriate Requirements

CERCLA, as amended by SARA, specifies that Superfund remedial actions must comply with 
the substantive requirements of federal and state environmental laws. Such requirements may 
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be either “Applicable” or “Relevant and Appropriate” requirements, otherwise known as 
ARARs. In addition to ARARs, there are federal and state advisories and guidance documents 
that are not binding regulations, but contain information “to be considered” (TBC) in the 
development and implementation of the project. ARARs and TBCs are important in developing 
remedial objectives that comply with regulatory requirements or guidance (as appropriate). The 
identification of site-specific ARARs is based on specific constituents at a site, the various 
response actions proposed, and the general site characteristics. As such, ARARs are classified 
into three general categories:

Chemical-specific ARARs, which are specific to the type(s) of constituents, pollutants, or 
hazardous substances at a site. Chemical-specific ARARs include state and federal 
requirements that regulate contaminant levels in various media.

Action-specific ARARs, which are specific to the remedial activities being considered and are 
usually technology- or activity-based. Action-specific ARARs are regulatory requirements that 
define acceptable excavation, treatment, and disposal procedures.

Location-specific ARARs, which are specific to actions at the geographic location. Location-
specific ARARs are requirements for contaminant concentrations or remedial activities 
associated with a site’s physical location. For example, federal and state ARARs exist for sites 
where remedial activities would impact wetlands, floodplains, or critical habitats. 

A list of potentially applicable federal, state, and local ARARs and TBCs is presented in Table 
3-1. The table also includes a regulatory citation for and brief description of each ARAR/TBC. 
The list of ARARs/TBCs was developed based on the list included in the RI/FFS Report 
(MDEQ 2004), appropriate guidance documents (USEPA 1988; USEPA 1989), and 
professional judgment.

Further details on substantive requirements of relevant permits and institutional controls that 
will need to be met as part of this project are described in Section 6.

3.2 Components of the Remedy 

The major components of the selected remedy are outlined in Section 1. The following sections 
outline design objectives for specific areas of the design 
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3.2.1 Evaluate the Presence of the Sheet Pile Wall at A-Site Landfill

The selected remedy specified in the ROD does not include removal of all or part of the sheet 
pile wall at A-Site Landfill; however, during discussions with USEPA, MDNRE, and the natural 
resource trustees subsequent to issuance of the ROD, in a meeting that took place on 
November 30, 2007, removal of the wall was proposed to increase floodplain area and improve 
habitat along the riverbank. The CD included a requirement to evaluate removal of the sheet 
pile wall – this was the basis for the evaluation and proposed partial removal of the sheet pile 
wall outlined in the Work Plan. The evaluation of the sheet pile wall included a field survey 
along the extent of the wall (as described in Section 2.2.3). The survey results were used to 
develop the plans for partial removal, which is discussed in Section 4.2.

3.2.2 Landfill Cover System

In the State of Michigan, specifications for closure of a solid waste disposal facility is are
described in Part 115 Solid Waste Management, of the NREPA. As described in detail in 
Sections 4.3, 4.4, and 4.5, the cover system constructed over the WB/A-Site OU has been
designed and will be installed in compliance with the relevant requirements and specifications 
included in Part 115, which are established to protect human health and the environment. Part 
115 includes the basis of the design for erosion and infiltration control, landfill gas collection 
and monitoring, and grading plans. Application of and compliance with specific elements of 
Part 115 are described throughout Section 4.

3.2.3 Stormwater Management

Stormwater will be managed both during construction and for the post-closure period of the 
WB/A-Site OU. The objective of stormwater management is to collect, convey, and discharge 
runoff away from the landfills in a manner that minimizes flooding, soil erosion, and sediment 
migration into surrounding areas. 

During construction and shortly thereafter, the design objective for stormwater runoff control is 
to reduce the potential for erosion of newly graded areas (i.e., final cover and restoration 
areas). Following the disturbance of areas subject to construction activities, temporary 
sediment control devices (e.g., silt fences, straw bales, diversion berms) will be employed until 
the permanent vegetation of the newly graded areas is sufficiently established and the 
temporary devices are no longer needed. During the construction period, stormwater runoff that 
contacts PCB-containing soils/residuals or sediments will be collected and treated. For the final 
cover areas where PCB-containing materials are exposed prior to construction, once 
permanent placement of the gas venting layer soil has been completed, runoff will be managed 
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as non-contact stormwater. For areas where residuals will be excavated then backfilled with 
clean soil, runoff will be managed as non-contact stormwater once backfilling of the completed 
excavations commences.

Once the final cover system construction is completed, a permanent stormwater management 
system will be installed on the landfills. The final cover system design will include a 
comprehensive stormwater control system that will collect precipitation and convey and 
discharge it to the Kalamazoo River. Drainage structures (e.g., ditches, drainage benches, 
downchutes, and culverts) will be constructed and maintained throughout the post-closure 
period.

Stormwater management activities are described further in Section 4.5.1.

3.2.4 Final Cover and Global Slope Stability 

The objective of the final cover system stability design is to confirm that the post-closure 
conditions of the WB/A-Site OU are stable and will prevent surficial “veneer” failures (i.e., 
sliding of the final cover). A maximum 33% slope (or 3 horizontal:1 vertical) will be the 
maximum design slope of the berms adjacent to the landfill cover (the maximum slope for the 
cover system is 25%). 

The design objective related to global slope stability is to show that both the A-Site and Willow 
Boulevard Landfills will maintain long-term stability under final build-out conditions (i.e., re-
grading and sheet pile removal) as well as during construction. For A-Site Landfill, the focus is 
on evaluating the stability of the critical slopes in the area where the existing sheet pile wall will 
be removed above the water line and re-graded. After re-grading the maximum slope will be 
33%.

The slope stability engineering design and results of the stability analyses are described in 
Section 4.4.2.

3.2.5 Settlement Analysis 

The design objective related to settlement and consolidation is to establish and control the final 
grades such that a minimum slope of 2% for the cover system and positive drainage can be 
maintained on the slopes and swales during the post-closure period in accordance with Part 
115 R299.4304(5). 

Engineering design for the consolidation analysis is provided in Section 4.5.2.5.
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3.2.6 Gas Management 

Methane, carbon dioxide, and other gases typically are generated as a result of the 
decomposition of organic matter. Following installation of a final cover system that includes a 
low permeability layer, such as a flexible membrane liner (FML), the potential exists for the 
buildup of gas pressure beneath the final cover system. The design objective is to eliminate the 
potential for gas buildup that could possibly damage the FML or other final cover system 
components as required in Part 115 R299.4304(2). The design/installation of a gas venting soil 
layer and passive gas vents in the final cover system are further detailed in Section 4.5.2.4.

3.2.7 Natural Resource Restoration/Mitigation

Implementation of the selected remedy will result in temporary disturbances to the natural 
resources within and adjacent to the OU, including the riparian corridor of the Kalamazoo River 
and Davis Creek, palustrine wetlands, and forested upland areas. Areas disturbed as a result 
of the remedial activities will be reconstructed as self-sustaining native plant communities that 
provide both long-term structural and ecological functions. The restoration/mitigation design for 
each habitat type is further detailed in Section 4.9.

3.2.7.1 Palustrine Wetland 

Hydrology is a key consideration in the development of a wetland restoration plan. The 
movement and distribution of water play a vital role in the structure of a wetland's ecosystem, 
serving as the main pathway by which nutrients are transported in and out of the system and 
influencing the vegetation and species composition. The basis for design for restoring the 
palustrine wetland and adjoining upland habitats is provided in Table 3-2, below:

Table 3-2 Basis of Design for Restoration of Wetlands

Habitat Type Post-Construction Topographic Elevation 
(feet NGVD)1

Open Water (Shallow Surface Water) < 756.5

Emergent Wetland 756.5 – 758.0

Forested Wetland 758.0 – 760.0

Forested Upland > 760.0

1. These elevations are based on groundwater and surface water data (i.e., elevations) recorded as part 
of historical investigations and topographic surveys.
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3.3 Hydraulic Analysis

ARCADIS developed a one-dimensional hydraulic model (Hydraulic Engineering Center River 
Analysis System, or HEC-RAS) of the Kalamazoo River in the area of the OU in 2007 as part 
of a hydraulic analysis under mean flows. The geometry of this model has been revised during 
this design process to represent current conditions, and model runs have been conducted to 
simulate median and high-flow events. Appendix B describes the construction of the model and 
associated analysis. 

Water surface elevations, velocities, and shear stresses were predicted by the model for the 
Kalamazoo River alongside the WB/A-Site OU for a range of different flow conditions. Elevation 
and shear stress data were evaluated as part of the design process to determine appropriate 
erosion protection for the banks and associated top elevations for this erosion protection. 
Maximum shear stresses of 0.08, 0.11, and 0.16 psf were identified for median, 2-year, and 
100-year flows, respectively. These maxima are seen to occur towards the western side of the 
A-Site Landfill. For median flow, the model predicted water surface elevation ranges from 756.2 
feet National Geodetic Vertical Datum of 1929 (feet NGVD 29) to 755.6 feet NGVD 29 along 
the A-Site Landfill, and 755.6 to 755.5 feet NGVD 29 at the Willow Boulevard Landfill. For the 
100-year storm event, the model predicted water surface elevation ranges of 765.1 to 764.9 
feet NGVD 29 at A-Site Landfill, and 764.9 to 764.8 feet NGVD 29 at the Willow Boulevard 
Landfill.
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4. Engineering Design

This section describes each major component of the remedial action and the general 
sequencing of construction activities. The project, which is scheduled to begin in spring 2011, 
will last for approximately two years and span two construction seasons. Work is expected to 
be substantially complete in the fall of 2012, with final tree and shrub planting potentially taking 
place in spring 2013, depending on weather conditions. Post-construction monitoring and 
maintenance of seeded and planted areas will continue for five years, and groundwater and 
gas monitoring will be performed until USEPA, in consultation with MDNRE, determines that 
such monitoring is no longer necessary. The continued need for groundwater and gas 
monitoring will be evaluated at the five-year ROD review required under Section 121 of 
CERCLA.

As part of the overall management strategy for the remedial action, construction, monitoring, 
and sampling activities will be observed and documented to verify that activities are performed 
in accordance with the design. Additionally, the submittal/deliverable process will be managed 
to confirm that documentation and reporting associated with closure of the WB/A-Site OU is 
consistent with the Quality Management Plan (ARCADIS 2009).

Draft Final construction drawings (bound separately and listed in Table 4-1, below) are 
included with this design submittal to support the design of the project. At this point in the 
process, the drawings are consistent with a pre-final design level of effort and are a minimum 
of 95% complete.

Table 4-1 Construction Drawings

Drawing No. Title
-- Cover Sheet
1 Existing Site Plan
2 Site Preparation Plan
3 Perimeter Excavation Plan
4 Consolidated-Material Grading Plan
5 Final Grading and Stormwater Management Plan
6 Landfill Gas System Plan
7 Groundwater Monitoring Well Locations
8 Restoration/Mitigation Plan 
9 Seeding/Planting Specifications
10 Site Cross Sections
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Drawing No. Title
11 Berm Sections
12 Berm Sections
13 Final Cover Sections and Details
14 Erosion and Sediment Control Sections and Details
15 Stormwater Management Sections and Details 
16 Stormwater Management Sections and Details 
17 Landfill Gas System Sections and Details
18 Groundwater Monitoring Well Details
19 Restoration Details
20 Restoration Details

Draft Final technical specifications (bound separately and listed below) are also included with 
this submittal to support the design of the project. At this point in the process, the technical 
specifications are consistent with a pre-final design level of effort and are a minimum of 95%
complete. The technical specifications listed below are formatted to be consistent with the 
Construction Specifications Institute Master Format 1995.

Division 1 – General Requirements

• SECTION 01571 Erosion and Sediment Control
• SECTION 01600 Material and Equipment 
• SECTION 01720 Construction Surveying 

Division 2 – Site Construction 

• SECTION 02072 Linear Low Density Polyethylene Geomembrane
• SECTION 02073 Geocomposite Geosynthetic Drainage Composite
• SECTION 02076 Geotextile
• SECTION 02131 Decontamination and Wipe Sampling of Equipment
• SECTION 02207 Restoration of Surfaces 
• SECTION 02232 Clearing and Grubbing
• SECTION 02240 Dewatering and Water Treatment
• SECTION 02311 Residuals Consolidation 
• SECTION 02315 Excavation and Backfill
• SECTION 02317 Trenching 
• SECTION 02320 Fill Materials 
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• SECTION 02372 Riprap 
• SECTION 02522 Groundwater Monitoring WellsWell Installation
• SECTION 02526 Well Abandonment
• SECTION 02551 Polyvinyl Chloride (PVC) Pipe
• SECTION 02618 High-Density Polyethylene Pipe and Fittings 
• SECTION 02820 Galvanized Chainlink Fence
• SECTION 02921 Restoration Plantings
• SECTION 02922 Vegetative Soil, Seeding, and Mulch

Additional specifications will be added as part of the final bid package (such as General 
Conditions, Project Meetings, Mobilization/Demobilization, etc.); however, are not included as 
part of this design submittal.

The pre-final design of each element of the remedial action is described in the sections that 
follow.

4.1 Mobilization and Site Preparation

Construction is anticipated to commence in the spring of 2011, with the mobilization and setup 
of equipment, materials, personnel, and facilities necessary to complete the project. A project 
support area (as shown on Construction Drawing 2), consisting of temporary trailers, material 
support areas, and equipment/vehicle parking areas, will be established to provide critical 
support services such as field engineering, health and safety, construction management, 
worker sanitation, OU security, and access control. An additional temporary trailer will be 
installed at the OU to provide administrative space for Agency staff when they are on site. The 
temporary office trailers will be equipped with heat and electricity.

Other preparation activities will include constructing staging areas and temporary access 
roads, installing survey and construction staking, installing temporary soil erosion and 
sedimentation controls, and constructing other work support facilities. The culvert separating 
the Willow Boulevard and A-Site Landfills (as shown on Figure 1-2) will remain in place during 
and after construction, and temporary erosion control measures will be implemented as 
necessary during excavation in the Willow Boulevard Drainageway and the area south of A-
Site Berm (including Olmstead Creek) to minimize construction-related impacts to water flowing 
through the culvert. The Contractor will be required to perform an inspection of both the bridge 
across Davis Creek and the culvert separating the two Landfills prior to construction to confirm 
their capacity to carry construction traffic. The Thesebridge across the culvert structures will be 
strengthened as necessary to allow for movement of construction vehicles between the landfill
sites.
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It is anticipated that the following equipment will be mobilized to the OU throughout the 
construction period to perform the proposed excavation, grading, and other construction 
activities:

• Excavators
• Bulldozers
• Wheel Loaders
• Road Graders
• Compactors
• Fork Trucks
• Trenchers
• Wood Chippers
• Cranes
• Water Trucks
• Tractors
• Articulated Dump Trucks
• Gravel Trains
• Vacuum Trucks
• General Support Vehicles
• Temporary Water Treatment Trailers
• Pumps
• Roll-Off Trucks
• Boats
• Barges
• Construction Trailers
• Generators
• Air Compressors
• Pressure Washers
• Various Hand Tools
• Portable Fuel Tanks
• Hydro Seed Equipment

Equipment sizes and capacities will be determined by the Primary Contractor prior to and 
during construction unless otherwise specified in the Design Report and other supporting 
documents.
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4.2 Removal of Sheet Pile Wall at A-Site Landfill

The existing sheet pile wall along the northern perimeter of the A-Site Landfill was installed as 
an IRA under the authority of Michigan Public Act 307 with the approval of MDEQ (now 
MDNRE). The wall, which was designed to stabilize the berms and provide temporary 
separation between the A-Site Landfill and the Kalamazoo River, will be partially removed as 
part of the final remedy for the OU to improve local habitat. 

The approximately 1,700-foot-long sheet pile wall will be cut off near the water line at the 
approximate elevation of the top of the habitat stone1 layer that currently exists on the river side 
of the sheet pile wall. This habitat stone was surveyed as part of the pre-design activities – its 
elevation varies from approximately 756.6 to 755.6 feet NGVD 29 (approximate average of 756 
feet NGVD 29) from upstream to downstream. The section of the sheet pile that extends above 
this average 756 foot elevation will be removed. The below grade portion of the sheet pile wall 
at A-Site Landfill will remain in place to provide stability to the re-graded bank behind it. In 
areas where there is no sheet pile wall, the existing berm soils will be re-graded to achieve a 
gentle, stable slope with a maximum grade of 33%.

Prior to and duringthe partial removal of the sheet pile wall, the material behind the wall will 
also be excavated. It is anticipated that a portion of the excavated material will be able to be 
reused for select backfill around the A-Site Landfill or as a portion of the drainage layer of the 
cover system. Clean material will be separated using visual criteria, staged separately, and 
then sampled at a rate of two composite samples (formed from six sub-samples taken from 
random areas, both at and below the surface of the stockpile) per 10,000 cy to establish its 
suitability. Excavated material that is shown to contain PCBs (or if it fails to meet other criteria) 
will be consolidated within the limits of the final cover system. The resulting side slope of the 
berm adjacent to the Kalamazoo River will be regraded to a slope of up to 33%, which as 
described in Section 4.4.2, has been determined to be stable. 

If residuals are encountered during excavation and regrading of the berm, they will be 
relocated within the footprint of the final cover system to the extent practicable. After 
excavation, the area will be backfilled with clean soil (or reused soil as explained above) to 
create a clean soil berm/setback between the Kalamazoo River and the residuals consolidated 

  

1 As part of the King Highway OU closure, MDEQ required the placement of clean rock riprap or broken 
concrete immediately riverward of the wall (MDEQ 1996) to provide habitat for aquatic animals and allow 
reptiles and amphibians to climb out of the water. In anticipation of a similar request at A-Site, Blasland 
Bouck & Lee proposed and implemented a similar approach at A-Site Landfill with the approval of MDEQ 
(BBL 1998).
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in A-Site Landfill. Based on the results of the pre-design investigation soil sampling (as 
described in Section 2.2), the project team does not expect to encounter residuals during 
excavation and regrading of the berm. 

Prior to the removal of the sheet pile wall and regrading activitiesFollowing removal of material 
from behind the sheet pile wall along the face of the A-Site Berm adjacent to the Kalamazoo 
River, the surface of the regraded berm will be re-established with native vegetation and stone 
erosion protection. The objectives of the vegetation and armoring on the side slope are to 
minimize erosion during normal flow conditions and high-water events, and create natural 
habitat. The excavation, re-grading, and backfilling activities conducted as part of the sheet pile 
removal work will result in a clean buffer between the Kalamazoo River and the materials 
consolidated in A-Site Landfill. The location of the sheet pile wall is shown on Figure 1-2. 

4.3 Excavation and Consolidation

4.3.1 Excavation

Materials containing PCBs above relevant cleanup standards established for the remedial 
action (listed in Section 3.1.1.1) will be excavated from the area south of the A-Site Berm, 
including a portion of the former Olmstead Creek; the area east of Davis Creek; the Willow 
Boulevard Drainageway (Figure 4-1); and the area near monitoring well AMW-3A (Figure 4-1). 
Verification sampling will be carried out to confirm that the areas meet cleanup criteria. The 
procedure for verification sampling is described in the draft Performance Standards Verification 
Plan (PSVP, included as Appendix C).

Soil excavation volumes were determined by plotting all existing sample locations on a map of 
the WB/A-Site OU and assigning a Thiessen polygon to each sample. Thiessen polygons are 
defined as the areas formed by connecting points at half the distance between adjacent 
sampling locations, such that the sampling location is located at the center of that polygon.
Depth of excavation was defined as the depth that encompassed all PCB concentrations 
greater than the cleanup criterion relevant in that specific area of the OU. Excavation volumes 
were then calculated by multiplying the surface area of influence by depth of excavation for 
each sample location. Construction Drawing 3 – Perimeter Excavation Plan indicates the areas 
of excavation determined for each of the ancillary areas.

As stated in the SOW, if subsequent to excavation, visual confirmation, and verification
sampling USEPA determines that the relevant cleanup standard has not been achieved, 
USEPA will consult with MDNRE and Georgia-Pacific regarding (1) whether additional remedial 
actions will be effective in achieving the cleanup standard in the area; and (2) the potential 
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nature of such additional remedial actions. In determining whether and how to proceed with 
additional remedial activities, USEPA will consider the extent and concentration of the 
remaining PCBs in the area(s). 

The northern and western river banks of the Willow Boulevard Landfill will be excavated to 
create a 25-foot wide setback (or protective buffer) between the Kalamazoo River and the 
materials consolidated within the landfill. Residuals within this setback area will be excavated 
and consolidated with other excavated material onto the Willow Boulevard Landfill, and the 
excavated area backfilled with clean fill and graded as indicated in Construction Drawings 3, 4, 
5, and 10. It is anticipated that a 33% slope will be constructed in the setback to approximately 
midway between the 2-year and 5-year flood elevations (758 and 759.75 feet NGVD, 
respectively). A bench area with a maximum slope of 4% will be included at this midpoint level 
for installation and maintenance of groundwater monitoring wells. The bench area will be tied in 
with the 25% slope of the cover system on its landward side. The cover system will be installed 
on the excavated slope, extending to a termination point set approximately 25 feet from the 
shoreline. The setback and establishment of the cover system will limit the potential hydraulic 
connection and physical contact between the PCB-containing materials isolated within the 
landfill and surface water in the Kalamazoo River. Figure 4-2 indicates a typical cross section 
through the river bank at Willow Boulevard Landfill.

The design team evaluated the effect of temporary excavations for the overall stability of the 
landfills during removal (Section 4.4.2), and determined that excavation support will be needed 
to prevent localized sloughing and instability as well as to dewater excavations where the 
removal depth exceeds 4 feet. The means and methods used to provide temporary support for
these excavations will be provided by the Primary Contractor and reviewed by the Engineer of 
Record prior to construction.

4.3.2 Material Consolidation

The excavated material from the northern and eastern part of the A-Site Landfill along the 
alignment of the sheet pile wall, the area south of the A-Site Berm, the area east of Davis 
Creek, and the area near monitoring well AMW-3A will be dewatered, as necessary, and 
consolidated with existing materials at the A-Site Landfill. As described in Section 4.2, a portion 
of the material excavated from behind the sheet pile wall may be reused as backfill around the 
A-Site Landfill (if deemed suitable). Material excavated from the northern and western banks of 
the Willow Boulevard Landfill and the Willow Boulevard Drainageway will be dewatered, as 
necessary, and consolidated at the Willow Boulevard Landfill. This approach, developed to 
facilitate constructability of the remedial action and minimize truck traffic across the OU, differs 
from the ROD slightly, where it is stated that all materials will be consolidated at A-Site Landfill. 
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USEPA approved the consolidation of materials at Willow Boulevard Landfill in their October 
15, 2010 letter commenting on the Preliminary Design Report. Once the excavation of targeted 
materials in the ancillary areas is complete (as determined using visual criteria) and verification 
sampling has been carried out to confirm that the relevant cleanup criteria have been reached, 
the majority of excavated areas will be backfilled with clean soil and revegetated. Consolidated 
material will be placed to the approximate grades shown on Construction Drawing 4 –
Consolidated-Material Grading Plan. Following consolidation of excavated material, additional 
regrading activities will be performed within the landfills to achieve the minimum and maximum 
grades shown on Construction Drawing 4 prior to the placement of final cover materials.

Table 4-2 provides a summary of the post-construction condition of both the Willow Boulevard 
and A-Site Landfills and the changes from existing conditions.

Table 4-2 Summary of Post-Construction Conditions and the Relative Change from 
Current Conditions at the WB/A-Site OU

Post-Construction Condition A-Site Landfill Willow Boulevard Landfill

Approximate Existing Area of 
Residuals (includes area east of 
Davis Creek)

39 acres

Approximate Area of Consolidation 17 acres 9 acres

Approximate Change in Area -13 acres

Approximate Maximum Existing 
Elevation 795.9 feet NGVD 779.9 feet NGVD

Approximate Maximum Proposed 
Elevation

803.3810.2 feet 
NGVD 784.8790.9 feet NGVD

Approximate Change in Elevation +7.414.3 feet +4.911.0 feet

4.4 Grading, Stabilization, and Erosion Control

Bank stabilization, grading, and erosion control measures will be implemented at the Willow 
Boulevard and A-Site Landfills in compliance with the relevant requirements of state and 
federal laws. These include:

• Part 115, Solid Waste Management
• Part 301, Inland Lakes and Streams, of the NREPA
• Part 91, Soil Erosion and Sedimentation Control, of NREPA
• Part 303, Wetlands Protection, of NREPA



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\final remedial design report-031011.docx 4-9
Project Number: B0064581.00670/B0064582.00670

Final (100%) Remedial Design 
Report Willow Boulevard/A-
Site Landfill, Operable Unit 2DRAFT FOR FEDERAL AND STATE REVIEW

• U.S. Clean Water Act
• Rivers and Harbors Act

Bank stabilization and erosion control measures will be implemented to protect both the cover 
system and the contents of the landfills from a 100-year flood to the extent possible, and will 
reduce the potential for PCB migration into the Kalamazoo River and adjacent areas.

4.4.1 Grading Plan

Grading for the WB/A-Site OU incorporates a combination of drainage benches and ditches to 
maintain maximum slopes on the cover system of 25% and minimum slopes of 4%. The 
grading design is based on the current estimated volumes of materials that will be consolidated 
into the landfills. The grading design is also structured to handle a variety of grading conditions, 
allowing for the consolidation of additional excavation material that may be encountered during 
performance of remedial activities.

Construction Drawing 1 – Existing Site Plan shows the existing conditions at the OU. The 
proposed top of subbase plan and final cover plans for the WB/A-Site OU are presented on 
Construction Drawings 4 and 5, respectively. Construction Drawing 5 –Final Grading and 
Stormwater Management Plan presents the proposed grades and access road locations after 
topsoil is placed, vegetation is established, and drainage features are constructed. The grading 
plans for the cover system are typically shown with maximum slopes of 25%, per the maximum 
allowable slope allowed within Part 115. The only exceptions to these maximum grades are 
along the northern and eastern berm side slopes of the A-Site Landfill and the northern and 
western side slopes of the Willow Boulevard Landfill, where the final cover will not be extended 
down the side slopes, in which case 33% maximum slopes are included. In these areas, 
residuals are not anticipated to be present (or in the case of the Willow Boulevard Landfill, 
residuals will have been removed) and will therefore not require placement of a final cover.
These side slopes are also depicted on Construction Drawing 10 – Site Cross Sections. 

4.4.2 Global Slope Stability Analysis

For the A-Site Landfill global slope stability, the focus was on evaluating the stability of the 
worst-case or critical slopes (i.e., the worst case post-construction slope condition with the 
steepest and longest uninterrupted slope) in the area that will be regraded after removing the 
existing sheet pile wall. The material removed from behind the wall will be placed on top of the 
landfill, increasing its overall height. The maximum slope of the final cover system at the A-Site 
Landfill was designed to be 25%. Additionally, perched water encountered during remedial
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investigation work was considered in the evaluation of A-Site Landfill stability to assess the 
effect on slope stability.

At Willow Boulevard Landfill, target material will be removed from the slope and placed on top 
of the landfill, increasing its height. The re-graded slopes will be capped to the base of the 
slope. The stability analysis was performed on the maximum final graded slopes which were 
designed to be 25%. 

Critical cross-sections, as defined above, were identified based on existing and final grades 
along with length of proposed slope. Soil profiles and parameters were developed based on 
the results of the pre-design investigation and historical data. For A-Site Landfill, two cross-
sections were evaluated for final build-out conditions, one running north to south over the crest 
of the landfill, and another in the northwest corner of the landfill. For Willow Boulevard Landfill, 
one cross-section was evaluated for final build-out conditions running north to south over the 
crest of the landfill. In addition to the final as-built conditions, intermediate slopes were 
evaluated to determine if at any time during construction the slopes would be steeper and/or 
longer than final conditions. In terms of final residuals heights and slopes, the final conditions 
represent the most conservative case for the Willow Boulevard and A-Site Landfills. However, 
because excavations will be performed at the toe of the existing landfills, slope stability was 
assessed with those excavations in place to evaluate the intermediate stability of each landfill 
during excavation. For A-Site Landfill, a maximum 4.7-foot excavation depth was used in the 
evaluation, while at Willow Boulevard Landfill, a 6-foot excavation depth was evaluated.

The critical final and intermediate cross-sections were evaluated for global stability using 
Slope/W, by Geo-Slope, a computer program that uses a limit equilibrium method of analysis to 
solve both force and moment equilibrium and determine a factor of safety against failure. 

Both static and seismic conditions were evaluated for the stability analysis, which focused on 
deep-seated failures through the landfill mass. Factors of safety for both conditions are 
determined by comparing the resisting forces the slope soils provide (i.e., shear strength) to the 
driving forces (i.e., shear stress) – the ratio of these values is the safety factor, and the ratio 
indicates how likely the slope is to fail. For static conditions, the factor of safety should be 
above 1.5 to be considered acceptable for final, long-term conditions, and 1.3 for intermediate 
(short-term) construction conditions. For seismic conditions, the safety factor should be above 
1.0.

The critical final slopes for A-Site Landfill were evaluated to have factors of safety of 1.7 and 
1.8ranging from 1.9 to 2.1 against failure for static conditions, while the critical final slopes at 
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Willow Boulevard Landfill was were determined to have a factors of safety ofranging from 2.2 to 
2.6 2.8 against failure for static conditions.

The critical intermediate slope for A-Site Landfill was evaluated to have a factor of safety of 1.9 
against failure for static conditions, while the critical intermediate slope at Willow Boulevard
Landfill was determined to have a factor of safety of 1.4 against failure for static conditions.

In addition, seismic stability was evaluated using a pseudo-static analysis. Based on USGS 
seismic hazard maps and a design earthquake corresponding to a 2,500-year event, the critical 
sections were evaluated under seismic conditions to determine the factor of safety against 
failure. For A-Site Landfill, the factor of safety against failure was determined to be 1.4range 
from 1.6 to 1.74, while the Willow Boulevard Landfill slopes had a factors of safety of ranging 
from 1.8 to 2.1.

Because the factors of safety for static stability of the slopes at both landfills were greater than 
1.5 for long-term and 1.3 for short term, and the seismic stability ratios were both greater than 
1.0, the design slopes at the Willow Boulevard and A-Site Landfills are considered acceptable 
for design.

It should be noted that the geosynthetic components of the final cover were not included in the 
slope stability evaluation. Stability of the final cover, including the geosynthetics is described in   
Section 4.5.2.3.

Slope stability calculations, including cross-section locations and Slope/W outputs are provided 
in Appendix D. 

4.4.3 Soil Erosion and Sedimentation Control

Soil erosion and sedimentation controls will be installed in accordance with Public Act 451 of 
NREPA of 1994, as amended (as applicable or relevant and appropriate requirements). In 
particular, substantive requirements of Part 91 Soil Erosion and Sedimentation Control, Part 31 
Water Resources Protection, and Part 115 Solid Waste Management have been considered 
for the construction activities associated with the remedial action. 

Work activities related to the excavation of residuals within the 100-year floodplain are 
regulated under Part 31, and work activities related to grading are regulated under Part 91. The 
work activities will be conducted in accordance with CERCLA requirements, as further 
described in Section 6; therefore, permits regulated under the relevant parts of NREPA will not 
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be obtained. Water resources will be protected, and soil erosion and sediment control are 
provided as part of the design.

Specifically, guidance described in the guidebook of Best Management Practices for Michigan 
Watersheds prepared by the Michigan Department of Environmental Quality, Surface Water 
Quality Division (MDEQ 1998) will be incorporated for grassed waterways (such as drainage 
benches and perimeter ditches), riprap, stabilized outlets (such as riprap aprons) and 
vegetative establishment. Additionally, interim measures such as silt fences, silt curtains, 
temporary erosion control mats, and stabilized construction entrances will be used during 
construction for soil erosion and sedimentation control. Construction Drawings 2 and 14 
indicate proposed locations and details for silt fences and silt curtains.

4.5 Components of the Cover System

A final cover system will be installed at the WB/A-Site OU to isolate PCB-containing materials 
within the two landfills. The design of the cover system is in compliance with the relevant 
requirements and cover system specifications for closure of a solid waste disposal facility 
included in Part 115 Solid Waste Management, of the NREPA. 

The cover system will be constructed to isolate PCB-containing material by minimizing contact 
through surface water runoff or erosion and infiltration of precipitation through the landfills. The 
objectives of installing the cover system are to minimize and control PCB migration from the 
landfills into the groundwater and the Kalamazoo River, mitigate human or ecological 
exposures to PCB-containing residuals within the landfills, and minimize erosion of the final 
vegetated surface. The cover system will consist of the following layers, from bottom (below 
grade) to top (surface):

• A 12-inch (minimum) sand gas venting layer

• A 40-mil LLDPE FML

• A geosynthetic drainage composite (GDC)

• A 24-inch (minimum) soil protection layer

• A 6-inch (minimum) vegetated topsoil layer

Construction Drawing 13 – Final Cover Sections and Details shows a cross section detail of the
final cover system. This cover system meets the design requirements of Part 115 R299.4304. 
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Infiltration will be reduced due to the presence of the FML and GDC. Surface erosion will be 
minimized through the establishment of erosive-resistant vegetation.

Part 115 R299.4304(2) requires that the gas venting layer be adequately permeable to collect 
and convey gases to the gas vents. A locally available, well-sorted sand, free from angular and 
elongated objects and deleterious materials, and with a relatively small fraction of fines, will be 
used for this layer. Alternatively, in the event that suitable sand cannot be obtained, a GDC 
layer may be used in lieu of the sand layer. The Contractor will be required to complete 
appropriate calculations for review by the Engineer in the event that the GDC alternative is 
selected.

An FML is not required under Part 115 R299.4304, but is included as an alternate material for 
use as a low permeability infiltration layer, in lieu of compacted clay. A 40-mil LLDPE FML was 
selected based on its low permeability, constructability, and resistance to damage. The FML 
will be extended across the A-Site and Willow Boulevard Landfills and terminate adjacent to the 
access roads and the edge of the river on the northern side of the Willow Boulevard Landfill, as 
shown on Construction Drawings 11 and 12. 

A GDC is not required under Part 115 R299.4304, but is included in the cover system as a 
means of collecting and conveying infiltration water within the cover system. Due to the large 
plateau areas of the cover system and drainage lengths, the GDC will be properly sloped and 
protected to increase the hydraulic capacity of the cover system, provide positive drainage, and 
increase the efficiency of the final cover system.

As required under Part 115 R299.4304, a 24-inch soil protection layer will be installed above 
the FML to protect the underlying liner from puncture or other damage incurred during final 
cover system construction or post-closure activities. The soil protection layer will consist of soil 
free from particles greater than 3/8-inches in diameter and deleterious matter such as roots, 
stumps, trash, and other debris. Locally available natural aggregate is being considered for the 
barrier soil protection layer.

Erosion protection will be provided by a 6-inch - vegetated topsoil layer. The topsoil layer will 
be constructed with locally available soil and may be enhanced with recycled organic material. 
The topsoil layer will be seeded using a mixture of local grasses to establish a strong 
vegetative stand and mulched. The vegetative stand will diminish the potential for surface 
erosion of the proposed final cover system.

The components of the final cover system are depicted on Construction Drawing 13 – Final 
Cover Sections and Details.
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4.5.1 Cover System Surface Drainage

The surface drainage design for the cover system is governed under relevant provisions of Part 
115 of Act 451:

• The grades for landfill slopes cannot be less than 2% or greater than 25%.

• Drainage controls, such as terraces, must be employed if the cover slope is greater than 
15%. The terraces should be sufficient to limit erosion to not more than 2 tons per acre per 
year under the closed condition. 

• The surface drainage system must be designed and constructed to protect the cover from 
the peak discharge resulting from a 25-year, 24-hour storm event, at a minimum.

During remedial and final cover construction activities, temporary surface water conveyance 
features such as stormwater collection basins, ditches, swales, berms, and culverts may be 
used to collect and convey stormwater that comes in contact with residuals. If possible, existing 
features (such as the sheetpile wall adjacent to the A-Site Landfill and existing culverts) may be 
used to contain and convey runoff during construction. Stormwater that comes in contact with 
PCB-containing soils/residuals or sediments will be collected and contained onsite, then
treated and when possible sampled to verify that the water meets the appropriate standards
prior to being discharged. As described in Section 3.2.3, collection and treatment will continue 
until stormwater is no longer in direct contact with PCB-containing soils/residuals or sediments.
For areas where the final cover will be placed, this will be until completion of the installation of 
the gas venting soil layer; in areas that will be excavated and backfilled, collection and 
treatment will continue until backfill is placed. Treatment and discharge operations will be 
covered by the Substantive Requirements Document (SRD), which will be obtained prior to the 
start of construction. The SRD is described in Section 4.7.2.

The locations of the proposed drainage features for the final conditions are presented on 
Construction Drawing 5 –Final Grading and Stormwater Management Plan. Drainage features 
provided in the design to manage stormwater runoff include drainage benches, culverts, and 
ditches. Appendix E of this report provides detailed stormwater hydrologic calculations for the 
proposed surface drainage design. In particular, Appendix E-1 relates to the perimeter ditch, 
Appendix E-2 relates to the drainage benches, Appendix E-3 relates to the downchutes, and 
Appendix E-4 relates to the culverts.

In general, the designed minimum slopes of the final cover system are 4%. Although Part 115 
requires a 2% minimum slope, the cover system has been designed at 4% to accommodate 
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settlement that may occur following grading activities and the installation of the cover system.
Settlement calculations have been prepared to determine the anticipated amount of settlement 
within the landfills and demonstrate that the landfills slopes will meet the 2% minimum 
requirement following any anticipated settlement. This analysis is discussed in Section 4.5.2.5. 

In general, stormwater runoff occurring on the final cover system within the limits of the 
perimeter access roads will be collected by drainage benches and ditches located on the cover 
and within the perimeter berm. The perimeter ditch on both landfills has been sized to 
accommodate a 100-year storm to provide a perimeter drainage feature capable of containing 
drainage and surface water runoff from the final cover and appropriately direct it to discharge 
points. In addition to minimizing the potential for rill erosion, the drainage benches serve to 
reduce the size of downgradient watershed sub-areas, thus allowing a more uniform 
distribution of runoff flow. Several mid-slope benches are also incorporated to reduce the slope 
length for erosion control. Benches and ditches will discharge to culverts and a downchute as 
shown on Construction Drawing 5. Details related to the construction of the culverts and 
downchute are shown on Construction Drawings 15 and 16 – Stormwater Management 
Sections and Details. Design calculations related to the culverts and downchute will be 
prepared during subsequent phases of the design. Although the drainage benches have been 
designed to accommodate a 25-year, 24-hour storm as required by Part 115, because the 
perimeter drainage features of the OU are required to accommodate a 100-year storm under 
the ROD and SOW, the perimeter drainage ditch adjacent to the perimeter berm has been 
sized to contain drainage and surface water runoff from the final cover and appropriately direct 
it to discharge points. 

Stormwater that infiltrates through the vegetative and soil protection layers of the final cover 
system (porewater) will be collected by the final cover drainage layer (i.e. GDC, located on top 
of the FML) and directed towards final cover collection pipes located at low points as shown on 
Construction Drawings 10, 11, and 12. The final cover collection pipes will be surrounded by 
filter stone and wrapped in non-woven geotextile to minimize the penetration of fine soil 
material into the final cover collection pipes and to facilitate drainage of porewater. Porewater 
collected by the final cover collection pipes will be conveyed within the pipes to select locations 
along the perimeter of the final cover where the collected porewater will drain via outlet pipes 
on to riprap stabilized surface areas. The outlet pipes will be connected to the final cover 
collection pipes and underlain with geosynthetics, including FML, to maintain full drainage of 
the porewater to the outlet points. The design calculations associated with the GDC, final cover 
collection pipes and outlet pipes, are presented in Appendix F. 
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4.5.2 Evaluation of Cover System

Several aspects of the proposed cover system require technical evaluation to determine their 
feasibility and/or efficiency. A summary of the technical evaluations developed for this pre-final 
design includes:

• Hydrologic Evaluation of Landfill Performance (HELP) Model Results - This section 
provides an evaluation of the hydrologic performance of the cover system relative to 
anticipated infiltration.

• Soil Erosion -This section provides a discussion of predicted soil loss due to runoff-induced 
erosion and the proposed cover system vegetation. Soil loss calculations are performed for 
the construction and post-construction periods.

• Cover System Stability -This section provides an evaluation of the structural stability of the 
cover system.

• Gas Venting - A qualitative analysis of gas generation potential resulting from the 
decomposition of organic matter is presented.

• Settlement and Consolidation - This section presents a discussion of the analysis used to 
determine the total settlement expected as a result of constructing the cover system and 
the expected time for settlement to occur.

• Material Availability and Quantities - This section presents an analysis of the anticipated 
volumes of materials that will be required for cover system installation.

A detailed discussion of each of the technical evaluations is presented below.

4.5.2.1 HELP Model Results

The USEPA HELP Model (Schroeder et al. 1994) was used to evaluate the hydrologic 
performance of the proposed cover system. The analyses, presented in Appendix F, indicate 
that the approximate cover system’s efficiency is greater than 99.9%. The proposed cover 
system will limit infiltration by limiting percolation, encouraging surface runoff, and providing 
evapotranspiration from the vegetative cover.
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4.5.2.2 Soil Erosion and Cover System Vegetation

During construction and until a strong vegetative stand is re-established, erosion will be 
controlled with the use of temporary erosion control measures (e.g., silt fences, silt curtains, 
erosion control blanket, check dams, and hay bales). Once a strong vegetative stand has been 
established on a large percentage of the cover system and berm side slopes and the 
permanent surface drainage system is performing efficiently with no noticeable erosion, the 
temporary erosion control structures will be removed.

Based upon an evaluation of expected soil erosion using the Revised Universal Soil Loss 
Equation (MDEQ 1995a) for post-construction conditions (established vegetative stand), 
annual erosional loss is expected to be 0.271.15 tons per acre per year. The MDEQ limits for 
annual soil loss, as presented in Final Cover Erosion Control Design Guidance, is specified as 
not to exceed 2 tons per acre per year (MDEQ 1995a). Based on the soil loss guidance, the 
calculated soil erosion for the landfills is within the recommended limits.

The calculations associated with determining expected soil erosion and stability of the final 
cover soils within the 100-year floodplain are presented in Appendix G. Appendix G-1 
demonstrates that the proposed final cover slope conditions have an acceptable annual soil 
rate loss. Appendix G-2 demonstrates that stable hydraulic conditions exist for the final cover 
system sideslopes at both the Willow Boulevard and A-Site Landfills within the 100-year 
floodplain of the Kalamazoo River.

Along the perimeter of the OU where there are not adequate stormwater diversion features, an 
earthen berm and perimeter ditch will be constructed to physically separate the landfill from 
adjacent properties and minimize runoff of stormwater from the landfill. For example, in the 
area adjacent to the Willow Boulevard Drainageway, a berm and a perimeter ditch have been 
designed to separate the final cover area from the adjacent property and collect and convey 
stormwater runoff from the landfill to a discharge point. The berm will be vegetated to minimize 
erosion. 

The topsoil layer will be seeded with a seed-fertilizer-mulch mixture following placement and 
grading of the topsoil to provide stability. Two types of final cover system vegetation were 
evaluated for use, including prairie grass and a mixture of native grasses known to establish 
well in the native area (Michigan Department of Transportation [MDOT] 1990). The mixture of 
native grasses was selected for use based on growth- and maintenance-related criteria –
specifically, root depth requirements, establishment time, and mowing/burning requirements.

Seed will be applied at a rate of 100 pounds per acre. The mixture will consist of the following:
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Table 4-3 Cover System Vegetation

Seed Type Percent of Mixture

Perennial Rye Grass 50%

Kentucky Bluegrass 10%

Creeping Red Fescue 30%

Timothy 5%

Orchard Grass 5%

The type of fertilizer and the application rate will be determined based on a pre-construction 
nutrient analysis of the vegetative layer soil. The requirements for preparing soil for seeding, as 
well as sowing of seed and mulching, will be detailed in the construction specifications.

4.5.2.3 Cover System Stability

Construction of the final cover system includes placement of the liner, protection material, 
erosion control layer, and the stormwater management system. It is expected that the 
subgrade and gas venting layer will be sufficiently stable for construction of the final cover 
without stabilization of the underlying materials.

The final cover stability analysis was performed over both long-term and short-term (i.e. 
construction, seismic loading) time periods using a procedure by Dr. Robert Koerner (Koerner 
and Soong 1998), which includes a process for evaluating the potential for sliding of cover soils 
over geotextile liners. The final cover stability analyses differ from the global stability evaluation 
in that the cover stability is focused on shallow, veneer failures located in the cover system.
The global stability evaluation provided in Section 4.4.2 evaluated a more deep-seated failure 
through the landfill mass. Using the cover system configuration described in Section 4.5, and 
illustrated in Detail 1 on Construction Drawing 13 – Final Cover Section and Details, the veneer 
stability was performed using a critical friction angle of 26 degrees (assumed between the 
textured LLDPE liner and non-woven [NW] geotextile component of the GDC) and a 25% slope 
with a maximum uninterrupted length of 67 137 feet, which represents the maximum side-slope 
length at the WB/A-Site OU based on the final grading plan. 

The critical final cover evaluated at the Willow Boulevard and A-Site Landfills have a factor of 
safety of 2.1 0 against long-term failure, and a short-term factor of safety of 2.1 0, and seismic 
factor of safety of 1.7 against failure due to sliding. Because the long-term factor of safety is 
above the minimum required 1.5, and the short-term and seismic factors of safety isare above 
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1.0, the cover system is considered stable. A minimum interface angle of 20 degrees is 
necessary to meet the minimum safety factors provided above. Interface friction testing (ASTM 
D5321) will be performed on the cover system materials prior to construction to verify the 
critical interface friction angle in the cover system is above 20 degrees (peak strength).

Complete results of the final cover stability analysis are provided in Appendix D. 

4.5.2.4 Gas Venting

Landfill gases generated due to the decomposition of organic matter will be managed by 
passive collection and conveyance to the atmosphere. As detailed in Section 4.5, a well-sorted 
sand having a relatively small fraction of fines (or potentially a GDC) will be used for the gas 
venting layer. The sand will have an in-place hydraulic conductivity of at least 1 x 10-3 cm/s, 
with less than five percent by weight passing the No. 200 sieve. Particles (e.g., soil clods, 
lumps, and stones) greater than 3/8-inch in any dimension and deleterious materials will be 
removed to reduce the possibility of damage to the FML. Less than five percent of the sand by 
weight will pass a No. 200 sieve.

Passive gas riser vents will be placed within the horizontal limits of the WB/A-Site OU at a 
minimum spacing of approximately one per acre (Construction Drawing 6 – Landfill Gas 
System Plan). The vents will consist of 4-inch-diameter HDPE riser pipes extending into the 
gas venting layer. The pipes will extend at least four feet above final grade and have a goose-
neck top (or similar approved design). A detail of the proposed gas vent is presented on 
Construction Drawing 17 – Landfill Gas System Sections and Details. The passive gas risers 
will be connected to lateral 4-inch-diameter HDPE gas collection pipes. 

An draft OU-specific Gas Monitoring Plan is included in the draft Performance Standards 
Verification PlanPSVP (included as Appendix C).

In addition to the passive collection and conveyance gas collection pipes and riser vents in the 
final cover areas, cutoff trenches will be installed along the southern perimeter of the A-Site 
and Willow Boulevard Landfills to prevent off-site migration of gas that may be generated by 
the residuals. Vents will be constructed along the length of the cutoff trench and will be 
connected to a lateral gas collection pipe. The depth of the trench will be extended to an 
elevation below the lowest elevation of the adjacent residuals or the water table (whichever is 
shallower) to collect gases that may travel downward or radially.
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4.5.2.5 Settlement and Consolidation

Using consolidation test results from the pre-design investigation, a one-dimensional 
consolidation analysis was performed across the critical slope of the cover system for both 
Willow Boulevard and A-Site Landfills. The critical slope was determined based on the 
maximum height differential after re-grading activities (i.e., maximum new height). The 
consolidation analysis was focused on the areas containing residuals because they are 
considered moderately to highly compressible. Both primary and secondary consolidation was 
evaluated along with the time required to achieve 95% consolidation for both Willow Boulevard 
and A-Site Landfills. Because the residuals will decompose over time, secondary compression 
was also evaluated. A thirty-year design life was used for the evaluation of secondary 
compression. The results of the consolidation analyses are provided in Table 4-4 below and 
Appendix D.

Table 4-4 Willow Boulevard/A-Site Landfills Consolidation Test Results

Landfill Name A-Site Willow Boulevard
Location A11 A21 W11 W21

Thickness of Existing Residuals (ft) 32.1 20.3 19.2 20.0
Thickness of New Residuals (ft) 17.0 12.2 12.3 4.1
Pressure of Cover system (psf2) 432.5 432.5 432.5 432.5
Primary consolidation/rebound at 30 
years (inches) 30.2 20.8 24.7 16.2

Secondary compression at 30 years 
(inches) 1.4 1.4 1.8 1.6

Total settlement at 30 years (inches) 31.7 22.1 26.5 17.8
Maximum differential settlement 
(inches) 9.5 8.7

Initial elevation (feet) 806.3 793.4 788.4 784.0

Final elevation (feet) 803.6 791.6 786.2 782.5

Initial Average Slope 6.4% 2.9%

Final Average Slope 6.0% 2.4%
Note:
1. See Settlement Calculations presented in Appendix D for location of sections
2. psf = pounds per square foot

The total primary consolidation settlement expected for the residuals placed under the cover 
system – under an ultimate loading of their self-weight plus weight of the final cover – ranges 
from 11.616.2 to 23.830.2 inches, depending on the thickness of the material and change in 
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pressure (i.e., adding new height). The largest settlements are expected in the center of the A-
Site Landfill where the greatest thickness of materials will be placed. It will take approximately 
5.33.4 to 7.7 years to achieve primary consolidation at the A-Site Landfill, while primary 
consolidation will is anticipated to occur inbetween 1.95 and 2.5 years at Willow Boulevard
Landfill. As the material continues to consolidate over time after primary consolidation is 
completed (due to secondary compression), the total consolidation expected after 30 years will 
range from 13.517.8 to 25.331.7 inches.

It is expected that consolidation will be the greatest towards the center of the landfills; therefore
the differential settlement was evaluated to verify post-closure slopes will remain greater than 
the minimum of 2%. Two cross-sections (one on each landfill) were evaluated for differential 
settlement based on the post-construction slopes and the maximum amount of new material to 
be added. The maximum anticipated differential settlement was estimated to be between 
0.98.7 and 7.09.5 inches (see Table 4-4). The cross-sections used in the settlement analysis 
are indicated in the settlement calculations presented in Appendix D. Using a designed post-
construction slope of at least 43%, the “flattest” post-consolidation grades for the A-Site Landfill 
and Willow Boulevard Landfill will be 4.76.0% and 7.02.4%, respectively, after primary 
consolidation and secondary compression occur, which meets the objective and is considered 
acceptable per Michigan Part 115 requirement of 2% cover slopes.

The results of the consolidation analysis, which are provided in Appendix D, include the cross-
section locations, settlement profile, and complete consolidation and time-rate calculations. 

4.5.2.6 Material Availability and Quantities

Materials for use within the final cover system and subgrade are anticipated to be available 
from local offsite sources; the distance of the material’s source from the WB/A-Site OU will be 
minimized to the extent possible. Soil materials used during construction of the final cover 
system will meet the geotechnical requirements presented in the draft Construction Quality 
Assurance Project Plan (CQAPP), included as Appendix H. Screening and other mechanical 
means of modification may be necessary to achieve the quality assurance/quality control 
(QA/QC) requirements. The anticipated material quantities and sources for final cover system 
installation and closure will be indicated in the Remedial Action Work Plan for the project prior 
to construction.

4.6 Groundwater Monitoring Network 

The groundwater monitoring network will include a minimum of 12 wells, with up to 24 wells, 
located at 12 downgradient locations. These will be installed approximately 300 feet apart. Well 
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locations may be revised in consultation with USEPA. The network will include 3 upgradient 
monitoring wells located at the east end of Charleston Ave (at the former location of monitoring 
well AMW-3), near St. Joes Avenue and by Willow Boulevard (see Construction Drawing 7 –
Groundwater Monitoring Well Locations). 

Details for installation of the proposed monitoring wells are included in Technical Specification 
02522 – Well Installation, and development details are included in the Multi-Area FSP 
(ARCADIS BBL 2007a).

Well screen placement will be designed to provide representative Groundwater Surface Water 
Interface monitoring locations, in compliance with Rule R299.5716 of Part 201 of Michigan 
Public Act 451. The upgradient monitoring wells will be screened across the water table to aid 
in the interpretation of collected groundwater elevation data and downgradient water quality 
data. Details regarding the number of wells and well screen placement in the downgradient well 
locations will be discussed in an addendum to the Groundwater Monitoring Plan, included in 
the Remedial Action Work Plan. The addendum will be submitted within 180 days of USEPA’s 
Notice to Proceed with remedial construction.

The groundwater monitoring network will include 27 monitoring wells: 24 downgradient 
monitoring wells installed in 2-well clusters at 12 locations, and 3 upgradient monitoring wells 
(Construction Drawing 7 – Groundwater Monitoring Well Locations). The downgradient 
monitoring wells will be installed within the groundwater flow path from the residuals toward the 
downgradient surface water bodies (Davis Creek and the Kalamazoo River). The methods 
used to determine the vertical placement of the monitoring well screens will be discussed in the 
Groundwater Monitoring Plan, included in the Remedial Action Work Plan. Well screen 
placement will be designed to provide representative Groundwater Surface Water Interface 
monitoring locations, in compliance with Rule R299.5716 of Part 201 of Michigan Public Act 
451. The upgradient monitoring wells will be located at the east end of Charleston Ave (at the 
former location of monitoring well AMW-3), near St. Joes Avenue and by Willow Boulevard
(Construction Drawing 7 – Groundwater Monitoring Well Locations). The upgradient monitoring 
wells will be screened across the water table to aid in the interpretation of collected 
groundwater elevation data and downgradient water quality data. As shown on Construction 
Drawing 7 – Groundwater Monitoring Well Locations, the downgradient monitoring well clusters 
will be installed with an approximate spacing of 300 feet.

All existing monitoring wells (which are not anticipated to be used for the groundwater 
monitoring program) will be abandoned prior to, or during the initial stages of construction. 
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4.7 Handling of Materials

4.7.1 Excavation and Regrading

Bank soil removal work (as well as follow-up bank stabilization and habitat construction) will be 
completed on the northern side of the Willow Boulevard Landfill and behind the sheet pile wall 
along the northern side of the A-Site Landfill. Additionally, soil will be removed from the 
ancillary areas of the OU – the Willow Boulevard Drainageway, the area south of the A-Site 
Berm, the area east of Davis Creek, and the area near monitoring well AMW-3A. 

The typical sequence of soil removal activities in each area is expected to proceed as follows:

• Perform clearing and grubbing.

• Complete construction of location-specific access roads, as needed.

• Install temporary benching/shoring (as necessary) selected by the contractor at locations 
where target excavation exceeds four feet.

• Dewater excavations (as necessary) to facilitate removal and verification sampling.

• Install resuspension controls (as necessary) selected by the Primary Contractor based 
upon location-specific hydraulic conditions. 

• Excavate targeted soils (see Construction Drawing 3 – Perimeter Excavation Plan) using 
conventional earthwork equipment (e.g., excavators, dozers, front end loaders). Visual 
criteria may be used to adjust the horizontal limits of excavation in the field where 
proposed excavation approaches the southern fenceline boundary. Professional judgment
may also be used in the field (with approval from USEPA) to leave well-established trees in 
place if paper residuals are not visually confirmed in the immediate vicinity.

• Perform verification sampling/monitoring to confirm that the design cut has been achieved 
and targeted materials have been removed.

• Consolidate materials excavated from the northern side of Willow Boulevard Landfill and 
the Willow Boulevard Drainageway onto the Willow Boulevard Landfill; consolidate all other 
excavated material onto the A-Site Landfill.
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• Grade consolidated material per grading plans shown in Construction Drawing 4 –
Consolidated-Material Grading Plan using bulldozers, excavators, and articulated dump 
trucks prior to placement of the cover system. 

• Backfill and/or regrade the removal areas to the specified grades/slopes.

• Perform revegetation activities at the removal area, including the placement of topsoil, as 
necessary. If appropriate given seasonal constraints, install temporary measures (e.g., 
seeding disturbed ground surfaces with native grasses) to reduce erosion until 
weather/seasonal conditions allow for the complete installation of design-based planting or 
other habitat reconstruction measures.

It is expected that approximately 6,000 and 23,000 cy of material will be excavated and 
consolidated onto the Willow Boulevard and A-Site Landfills, respectively, from the ancillary 
areas of the OU. The areas south of A-Site Berm, near monitoring well AMW-3A, and Willow 
Boulevard Drainageway will be backfilled with imported clean material and vegetated as shown 
on Construction Drawing 8.

Additionally, material will be removed around the perimeter of the landfills adjacent to the 
Kalamazoo River and Davis Creek to install the final cover. These areas and the estimated 
volume associated with each area are as follows:

Table 4-5 Approximate Removal Volumes – Setback Areas

Area Description Approximate Estimated 
Volume

Northern Perimeter of A-Site Landfill (due to removal of 
sheet pile wall & setback of slope) 4547,000 cy1

Eastern perimeter of A-Site Landfill (to setback slope) 1516,000 cy1

Northern Perimeter of Willow Boulevard Landfill (to 
setback slope) 11,500 cy

Notes:
1. Excavated material verified as clean will be reused around the OU

Additional material will be regraded in other areas of the site in order to achieve final grading 
conditions. Excavated and consolidated materials and material removed or regraded to obtain 
the minimum and maximum grades specified on the design drawings will be placed within the 
limits of the final cover system if confirmed to contain PCBs.
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Appendix I includes a consolidation fill volume calculation that demonstrates the Willow 
Boulevard and A-Site Landfills provide sufficient capacity to accommodate soils excavated 
from the Willow Boulevard Landfill setback area, the material behind the A-Site Landfill sheet 
pile wall, soils removed from the perimeter excavation areas, and materials regraded as part of 
the material consolidation grading activities.

4.7.2 Material Dewatering and Water Treatment

Although bank soils removed above the water table are expected to require minimal drainage 
or stabilization, it is anticipated that a portion of the excavated materials will be wet. Wet 
materials will be mixed with other dry soils, placed on the landfills, and further dewatered via 
passive gravity drainage. As discussed in the technical specification for residuals consolidation, 
the excavated residuals must meet specific in-place material properties (i.e. unit weight and 
shear strength)moisture contents (related to in situ strength and tested in situ) prior to after 
placement within the landfills to meet the minimum required factors of safety for slope stability
(presented in Appendix D). Materials will be tested during placement for unit weight and 
moisture content (which can be related to material shear strength)evaluated during 
construction, and engineering controls (e.g., air drying, amendment) will be performed as 
necessary to meet the design specifications. Water collected during gravity drainage along with 
storm water that comes in contact with materials prior to placement of the cover system will be 
controlled, collected, and treated before being discharged to the river. 

Water discharges during the remedial action may include treated drainage water, wash water, 
and stormwater resulting from the gravity drainage and consolidation of the excavated material. 
The batch water treatment processes will include sedimentation followed by multimedia 
filtration and two-stage activated carbon adsorption. The multimedia filters and carbon 
adsorbers will be trailer-mounted so they can be moved to different areas as the excavation 
activities progress. Treated water will be discharged at locations determined at the time of 
construction. Multiple discharge points will be established at the OU based on the stages of 
construction in different areas. Treatment and discharge operations will be covered by the 
Substantive Requirements Document (SRD), which will be obtained prior to implementation of 
the remedial action. 

Wastewater discharges are subject to the substantive requirements of a National Pollutant 
Discharge Elimination System (NPDES) Permit in accordance with Section 402 of the Clean 
Water Act (33 USC 1251, et. Seq.) and Part 31 of NREPA, as amended. For CERCLA sites in 
Michigan an SRD is issued in lieu of a wastewater discharge permit. An application for a SRD 
will be submitted to MDNRE following submittal of this Design Report. In addition, a separate 
request is anticipated to be submitted for approval to use a water treatment additive in 
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accordance with MDNRE requirements for discharge of water treatment additives. This will 
allow the use of a coagulant or flocculent to assist the sedimentation and/or filtration operations 
during periods of high water turbidity.

It is anticipated that significant amounts of water – associated with groundwater, potential run 
on, and stormwater – may be encountered in the excavations. To the extent possible, areas of 
excavation will be minimized in size to control the quantity of groundwater requiring treatment.
In addition, temporary diversion features such as culverts, berms, and diversion swales may be 
constructed around excavations to control potential run-on from adjacent areas.

Tanks will be used to store water that is encountered during excavation, and water will be 
sampled prior to being discharged. If water requires treatment, an on-site treatment system will 
be used. It is anticipated that two treatment systems that discharge at 50 gallons per minute
may be used during construction. The resultant maximum daily discharge rate of treated water 
encountered during construction may be approximately 144,000 gallons.

4.8 Verification Sampling and Analysis Program

After excavation using visual criteria is complete within the removal areas, verification sampling 
will be performed to assess if cleanup goals have been achieved. The procedure for verification 
sampling and analysis at the WB/A-Site OU are is outlined in the draft Performance Standards 
Verification PlanPSVP, (included as Appendix C). Verification sampling will be performed in 
coordination with USEPA.

4.9 Restoration/Mitigation 

Implementation of the selected remedy will result in temporary disturbances to the natural 
resources within and adjacent to the OU. Areas disturbed as a result of the remedial activities 
will be restored as self-sustaining native plant communities that provide both long-term 
structural and ecological functions. For purposes of this design, the various habitat types are 
defined as follows: the riparian corridor associated with the Willow Boulevard and A-Site 
Landfills (along the Kalamazoo River and Davis Creek), palustrine wetlands (including zones of 
open water, emergent wetland, and forested wetland), forested upland areas, and visual 
screen (along southern boundary of the WB/A-Site OU). These habitat types are collectively 
referred to as restoration areas. A plan view showing the habitat types that will be restored at 
the OU is shown on Construction Drawing 8 – Restoration/Mitigation Plan, and the planting 
specifications for these areas are shown on Construction Drawing 9 – Seeding/Planting 
Specifications.
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4.9.1 A-Site Landfill Riparian Corridor

The northern and eastern portions of the A-Site Landfill will be enhanced as a riparian corridor 
associated with the Kalamazoo River and Davis Creek, respectively. Following remedial 
activities, the riparian corridor will be restored/enhanced using soil bioengineering techniques. 
Soil bioengineering is the use of living and nonliving plant materials in combination with natural 
and synthetic support materials for slope stabilization, erosion control, and vegetative 
establishment (Natural Resources Conservation Service [NRCS] 2007).

Habitat stone (see footnote 1 in Section 4.2) exists along a significant portion of the sheet pile
wall, which currently forms the southern bank of the Kalamazoo River (see Construction 
Drawing 8). Based on its current presence and the bank toe protection it provides, similar 
habitat stone will be installed at a 33% slope from the toe of bank to the 2-year flow (2,800 
cubic feet per second [cfs]) elevation (approximately 760 feet NGVD 29). Stone sizing 
calculations have been completed as part of this design and suggest a minimum mean (D50) 
stone size of approximately 2 inches for a 100-year storm event. To achieve its desired 
function, habitat stone will consist of rounded to subangular stone with a D50 of 6 inches to 
provide enhanced cover for benthic organisms (below the median flow elevation) and 
increased void spaces between stones to support vegetative soil choking (above the median 
flow elevation). 

Vegetative soil will be applied from the median flow elevation up to the 100-year return flow 
elevation (approximately 765 feet NGVD 29). Vegetative soil will be applied between the 
median flow and the 2-year return flow elevations to fill the void spaces amongst individual 
stones of the vegetative soil choked habitat stone. A 12-inch thick vegetative soil layer will be 
installed between the 2-year return flow elevation and the edge of the landfill cover system.
Areas covered with vegetative soil will be seeded with a riparian mix (consisting of native 
grasses and wild flowers) and planted with shrubs (i.e., live stake and containerized stock) in 
accordance with Construction Drawings 8 and 9. A biodegradable erosion control fabric will be 
installed over the seeded areas from the median flow elevation to 2-year return flow elevation 
to provide erosion protection until the establishment of a plant community with a robust root 
system. A typical cross-section of the restored slope is shown on Figure 4-3 and Construction 
Drawings 19 and 20.

4.9.2 Willow Boulevard Landfill Corridor

The northern bank of the Willow Boulevard Landfill will be enhanced as a riparian corridor. 
Habitat stone with a D50 of 6 inches will be installed at a 33% slope from the toe of bank, 
which will be keyed into the riverbed, to the 2-yr flow elevation along the shoreline at the Willow 
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Boulevard Landfill to provide long-term erosion protection. A vegetative soil layer will be 
installed from the median flow elevation (approximately 755.5 feet NGVD 29) up to the limits of 
the landfill cover system. Vegetative soil will be applied between the median flow and the 2-
year return flow elevations to fill the void spaces amongst individual stones of the vegetative 
soil choked habitat stone. A 12-inch thick vegetative soil layer will be installed between the 2-
year return flow elevation and the limit of the landfill cover system.

Vegetative soil covering will be seeded with a riparian mix consisting of native grasses and wild
flowers. Woody plantings will not be installed above the 2-year return flow elevation as their 
roots could penetrate the barrier membrane. Vegetative soil from the median flow elevation to 
the 2-year return flow elevation (approximately 759.5 feet NGVD 29), consisting of a soil-
choked stone armor layer, will be planted with live stakes in addition to the riparian seed mix. 
Biodegradable erosion control fabric will be installed over the seeded areas from the median 
flow elevation to 2-year return flow elevation to provide erosion protection until the 
establishment of a plant community with a robust root system. A typical cross-section of a 
restored slope is shown on Figure 4-2 and Construction Drawings 19 and 20.

4.9.3 Area East of Davis Creek

Following completion of excavation, disturbed (i.e., excavated) areas in the area east of Davis 
Creek will be restored to include palustrine wetlands (consisting of zones of open shallow 
water, emergent wetland, and forested wetland), as well as forested uplands, as shown on 
Construction Drawing 8. The perimeter of the excavated area, which generally will be restored 
as forested upland and forested wetland, will be backfilled with vegetative soil and graded to 
blend with adjacent elevations. Limited regrading will be performed within the interior of the 
excavated area, which generally will be restored as open water and emergent wetland areas, 
resulting in ground elevations that will be approximately 0.5 feet to 1 foot lower than pre-
excavation grades. This will create microtopography consisting of hummocks and hollows that 
will support a variety of hydrologic conditions to increase the diversity of the wetland plant 
communities. 

The restored emergent wetland areas east of Davis Creek will be seeded with an emergent 
wetland seed mix, consistent with Construction Drawings 8 and 9. The restored forested 
wetlands will be seeded with a forested wetland seed mix and planted with native shrubs and 
trees, consistent with Construction Drawings 8 and 9. The components of the various seed 
mixes as well as the species, sizes, and numbers of woody plantings are shown on 
Construction Drawing 9. The seeded area will be covered with straw mulch to protect the seed 
and soil from erosion until the vegetation becomes established.
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4.9.4 Area South of A-Site Berm and Willow Boulevard Drainageway

The area south of the A-Site Berm and the Willow Boulevard Drainageway will be restored to 
create zones of open water, emergent wetland, forested wetland, and forested upland areas. 
The excavated areas will be backfilled with imported fill, as necessary, and up to six inches of 
vegetative soil to provide a suitable medium for restoring wetland vegetation. The area south of 
the A-Site Berm will be planted with a native plant species in accordance with Construction 
Drawings 8 and 9. In general, an emergent wetland seed mix will be applied in the emergent 
wetland areas, forested wetland seed mix will be applied over the forested wetland area. Native 
shrubs and trees will also be planted within the forested wetland area. The components of the 
various seed mixes, as well as the species, sizes, and numbers of woody plantings are shown 
on Construction Drawing 9. The seeded areas will be covered with a straw mulch to protect the 
seed and soil from erosion until the vegetation becomes established. 

The area immediately south of A-Site Landfill will be restored as a forested upland, as shown 
on Construction Drawing 8. The excavated areas will be backfilled with up to 6 inches of 
vegetative soil to provide a suitable planting medium. The forested upland area will be planted 
with an upland seed mix, shrubs, and trees in accordance with Tables 3 and 4 shown on 
Construction Drawing 9. The seeded area will be covered with straw mulch to protect the seed 
and soil from erosion until the vegetation becomes established.

It is anticipated that a vegetative screen consisting of a variety of evergreen and deciduous 
trees will be planted along the southern portion of the forested upland area to create a visual 
screen between the OU and the residences to the south (see Construction Drawing 8). Over 
the long-term, the functions and benefits of the vegetative screen will be enhanced as the plant 
community matures, and will provide an enhanced habitat for birds and other wildlife. This habitat 
restoration component will also compliment the riparian and wetland restoration activities at the OU.

4.9.5 Performance Measures

A qualified biologist will oversee seeding and planting activities during the project. Oversight 
personnel will review seed mixes before they are installed onsite to verify that they are 
transported in appropriate containers and are labeled with the ratios of the included species, 
total weight, date of preparation, and source. Oversight personnel will also review woody plant 
materials to verify the correct species, sizes, and quantities are available and check for insects, 
diseases, appropriate root development, and/or indicators of excessive stress. Plants that do 
not appear healthy or of adequate quality for planting will be rejected and replaced with better 
quality stock. 
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Performance standards relating to the restoration of vegetation are detailed in the draft 
Performance Standards Verification Plan (PSVP, (included as Appendix C). Methods for 
assessing vegetation following construction will beare described as part of the draft Operation
and Maintenance Plan (O&M Plan, included as Appendix J), which will be submitted with the 
Final Design Report.

4.10 Access Roads

Access for monitoring and maintenance will be provided via an access road around the 
perimeter of each landfill. Existing access roads will be used during construction, and additional 
temporary access roads will be constructed as necessary. A stabilized construction entrance 
will be built at the point of access to the OU (detailed in Section 4.12) in accordance with the 
guidebook of Best Management Practices for Michigan Watersheds prepared by the Michigan 
Department of Environmental Quality, Surface Water Quality Division (MDEQ 1998). Access 
roads will be cleaned at least once per day, but more frequently as needed to remove project 
related debris. 

Following installation of the cover system, the existing access roads around the OU will be left 
in place to provide access to the monitoring wells, and the berm slopes for monitoring and 
maintenance. If necessary, additional access may be gained by traversing the cover system 
either by foot or by a light-weight, rubber-tired vehicle (i.e., pick-up truck). Post-construction 
monitoring and maintenance activities generally will be performed during dry weather to control 
rutting or damage to the vegetative layer. Rutted areas will be regraded and reseeded as 
needed; gravel will be installed at areas where continuous rutting occurs.

4.11 Site Security

A site security plan for the OU will be developed prior to construction and submitted as part of 
the final design Remedial Action Work Plan, described in Section 7. The site security plan 
includes a description of the physical security measures that will be implemented at the OU, 
including perimeter security, access points, project support area security, and recreational 
boating traffic.

Access to the WB/A-Site OU is currently restricted by locked gates and a perimeter chain-link 
fence around the southern side of the OU with posted warning signs. Signage will be posted 
during construction to limit access to authorized personnel only. Long-term security 
requirements will also be documented in the site security plan. Permanent site security 
measures will include a chain-link fence around the entire perimeter of the WB/A-Site OU.
Details related to the chain link fence are provided in the construction drawings and the 
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technical specifications. The chain link fence will be placed above the 100-year flood elevation 
in areas adjacent to the Kalamazoo River. One gate will be installed adjacent to Davis Creek to 
allow access near the northeastern corner of the OU. Warning signs will be posted on the 
fence as detailed below.

Recreational boating access to parts of the river may need to be restricted during the time that 
excavation/removal activities are carried out at the river’s edge. Buoys will be installed across 
the river upstream and downstream of the project area and in other areas as needed
(particularly during removal of the sheet pile wall), and appropriate signage may also be 
installed to warn boat operators of the construction activities in the project area. Project 
representatives will be available during in-river work to assist recreational users of the river 
when access is restricted. Boating restrictions will be determined during subsequent stages of 
the design and in collaboration with USEPA and MDNRE. In the long term, a fence will be 
installed above the 100-year flood elevation along the northern boundary of the OU to prevent 
access to the WB/A-Site OU from the river.

Following construction of the cover system, chain-link fencing will be installed along the 
northern perimeter of the OU as shown on Construction Drawing No. 5 – Final Grading and 
Stormwater Management Plan, and detailed on Construction Drawing No. 13 – Final Cover 
Sections and Details,. At the Willow Boulevard Landfill, the fence (above 100-year level) will be 
connected to the final cover system using geosynthetic penetrations as needed, although 
penetration will be minimized as much as possible. In accordance with the SOW, additional 
institutional controls for security are anticipated to be employed, such as permanent markers 
around the boundary, and warning signs on the fence every 200 feet and on all of the entry 
gates. The number, content, and location of the permanent markers and warning signs will be 
established with approval by USEPA prior to construction and in line with the Restrictive 
Covenant (described further in Section 6.5).

4.12 Traffic Control Plan

A traffic control plan will be developed and submitted to USEPA prior to construction. The 
traffic control plan is anticipated to include details on transportation routes from and to the OU, 
in addition to details of project vehicle movements. The plan will also outline emergency 
procedures and contacts in the event of an accident or release.

Existing access roads and the gated entry point at the eastern end of A-Site Landfill will be the 
primary point of access to work areas. A second access point along Lake Street/Olmstead 
Road, to the south of the existing A-Site Landfill access may be considered if, during 
subsequent phases of the design or construction, vehicle movements at the 90-degree bend 
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are deemed to be hazardous. In addition, an existing access point on the southern side of the 
Willow Boulevard landfill will be cleared and may be used as an emergency access point as 
necessary. Appropriate traffic control measures will be implemented during construction to 
manage traffic movement near the work areas, and the point(s) where truck traffic enters public 
roadways will be discussed with MDOT prior the start of work. The major material hauling and 
construction activities will be limited to daylight hours in consideration of worker and resident
safety and the community impacts.

Improvements to existing access roads, such as structural geotextile or mats, may be 
necessary to bridge over soft or saturated soils. Tracked soils or sediments will be removed 
from the access roads. Control measures such as using lined trucks, performing additional 
solidification, or reducing truck loads will be implemented where needed to minimize the loss of 
material while hauling onsite. Trucks that will travel over public roads will in general remain 
separated from work areas where exposure to PCB-impacted materials may occur. Heavy 
equipment, tractor trailers, work trucks, project support vehicles, and other traffic leaving the 
OU will be decontaminated at the appropriate staging area prior to departure. 

Noise monitoring is not a required element of the remedial action; nevertheless, since the OU 
is adjacent to residential properties, construction noise will be minimized to the extent possible, 
and machinery/equipment will be equipped with noise-muffling devices, as appropriate, to 
comply with local City of Kalamazoo ordinances. The limit established in the ordinance for 
noise originating from a private industrial property is 75 decibels between the hours of 7am and 
10pm. Working hours are anticipated to be primarily limited to weekdays and daytime hours to 
minimize disruption to neighbors during the times residents are most likely to be at home. Work 
may be performed on Saturdays, but only as necessary to maintain the overall project 
schedule.



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\final remedial design report-031011.docx 5-1
Project Number: B0064581.00670/B0064582.00670

Final (100%) Remedial Design 
Report Willow Boulevard/A-
Site Landfill, Operable Unit 2DRAFT FOR FEDERAL AND STATE REVIEW

5. Environmental Monitoring

Short-term and long-term environmental monitoring will be implemented at the WB/A-Site OU
to verify that the remedial action does not create unintended consequences for surrounding 
residences, nearby waterways, or local ecological receptors. The following sections describe 
the anticipated short-term (i.e., during construction) and long-term (i.e., post-construction) 
monitoring programs for the OU.

5.1 Short-Term Monitoring

Short-term monitoring will be implemented for treated water discharges (as needed), air, and 
surface water. Ambient air monitoring will be performed to verify that construction activities 
remain in compliance with rules prohibiting the emission of air contaminants and dust in 
quantities that may be injurious to human health, animal life, plant life of significant economic 
value, and/or property as established in Part 55, Air Pollution Control of NREPA (Part 55) and 
the Federal Clean Air Act. Surface water will be monitored during construction and excavation 
activities as appropriate to verify that public health, safety, welfare, and the environment are 
protected in accordance with state and federal law; including Part 31, Water Resources 
Protection, of NREPA and the Clean Water Act’s Ambient Water Quality Criteria.

The approach to each short-term monitoring program is described below.

5.1.1 Water Discharge Monitoring

If water needs to be collected and treated at some point during the remedy, influent to and 
effluent from the batch water treatment system would be sampled and analyzed to verify that 
the water meets appropriate standards prior to discharge. The parameters that would are 
anticipated to be measured as part of the dewatering system discharge monitoring plan (if 
collection and treatment are necessary) as well as the frequency of sampling are summarized 
in Table 5-1. The parameters and frequencies specified in Table 5-1 may be revised upon 
receipt of the SRD for discharge.
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Table 5-1 Dewatering System Discharge Monitoring Plan Summary

Parameter Frequency Sample Type

Influent Monitoring

Total PCBs (USEPA Method 608) Weekly Grab

Intermediate Stage Monitoring

Total PCBs (USEPA Method 608) Weekly Grab

Effluent Monitoring

Flow Daily1 Report Total Daily Flow

Total PCBs (USEPA Method 608) Weekly Grab

TSS (USEPA Method 160.2) Weekly Grab
Total Phosphorus as P (USEPA Method 
365.3)1 Monthly Grab

Equipment Inspection 3x per week Visual

Outfall Observation Daily2 Visual
Notes:
1. Expected to be required for Phosphorus total maximum daily load calculations
2. Daily monitoring to be performed only on days when discharging

Discharge monitoring records will be summarized in the monthly progress reports that will be 
developed and submitted throughout the construction period (as required under the CD). 

5.1.2 Ambient Air Monitoring

As outlined in the SOW, ambient air monitoring will be performed during construction activities 
to verify that remedial action activities do not violate rules prohibiting the emission of air 
contaminants in quantities that may have injurious effects on human health, animal life, plant 
life of significant economic value, and/or property as established in Part 55, Air Pollution 
Control, of the NREPA and the federal Clean Air Act. Air monitoring for PCBs and dust will be 
performed during material excavation and consolidation activities, and dust monitoring will be 
performed during cover system installation.
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5.1.2.1 Ambient Air Monitoring Procedures

The ambient air monitoring program will follow method TO-4A of the Compendium of Methods 
for the Determination of Toxic Organic Compounds in Ambient Air (USEPA 1999) for sample 
collection and analysis. A high-volume (approximately 8 cubic feet per minute [cfm]) sampler 
will be used to collect volatile and particulate phase PCBs. The sampler will be operated 
continuously for 24 hours, then the sorbent and filter will be sent for laboratory analysis. 

High-volume air sampling will be implemented throughout the remedial activities at the WB/A-
Site OU at the five locations shown on Figure 5-1 and additional background monitoring will be 
performed at a sixth location across the Kalamazoo River to the northwest of the site. 
Locations are subject to change during construction dependent on the location of active 
working areas and are likely to be monitored in phases in conjunction with the phased 
approach to construction (i.e. air monitoring will be performed around the Willow Boulevard 
Landfill during year 1 and around the A-Site Landfill in year 2 of construction). Rule 225(3) of 
Part 55, Act 451 as amended allows for a ten-fold increase in the secondary risk screening 
level (SRSL) of 0.02 µg/m3 if the ambient impacts occur on industrial property or public 
roadways. The action level for PCBs is therefore anticipated to be 0.2 µg/m3, which is ten times 
the SRSL.

Sampling and analyses will be conducted daily for one full week (at least 5 days of sampling) at 
the start of excavation and at the start of consolidation. Samples will be collected during the 
entire workday. If the first weeks' data for each phase show that all concentrations at the 
property line of the OU are below the PCB action level (0.02 µg/m3) and similar activities will be 
conducted during subsequent weeks, the frequency of sampling and analyses may be reduced 
or terminated upon approval by USEPA. Following any reduction in sampling frequency, if the 
nature of the work changes significantly, or exceedances are measured, air monitoring shall be 
reinstated if directed by USEPA. If the action level of 0.02 µg/m3 total PCBs is exceeded at any 
sample location, USEPA will be informed and corrective actions will be taken to reduce 
emissions from work zones at the OU.

5.1.2.2 Dust Control

The generation of dust is likely during installation of the cover system and other general earth 
moving activities. Dust control measures will be implemented as required under Rule 901 of 
Article II, Chapter 1, Part 55 (Air Pollution Control) of Public Act 451 of 1994. Primary 
measures to control dust include wetting excavation/filling areas, roads, stockpiles, and staging 
areas. Real-time air monitoring will be performed within the construction areas during 
construction activities. If the National Ambient Air Quality Standard (NAAQS) for suspended 
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particulates of 150 µg/m3 is exceeded at any time, USEPA will be informed and corrective 
actions will be taken. 

5.1.2.3 Data Availability and Reporting

Preliminary ambient air PCB concentration data and particulate data will be available within five 
working days of the data collection date. Data results shall include concentration of total 
PCBs/particulates in each sample, the location of each sample, and wind direction at the time 
of collection. If the PCB action level or the NAAQS for particulates are exceeded at any time, 
USEPA will be informed within 5 days and corrective actions will be taken upon direction by 
USEPA. All other results will be reported in the monthly progress reports for the project.

5.1.3 Surface Water Monitoring

The goal of surface water monitoring is to measure turbidity and PCB levels in the Kalamazoo 
River during work that occurs near or along the river bank. Regrading activities that are to be 
monitored are expected to include removal and backfilling within the Willow Boulevard Landfill 
setback and berm, and regrading along the north and east sides of the A-Site Landfill. Real-
time turbidity data will be collected daily using turbidity monitoring devices with associated 
telemetry equipment from locations upstream and downstream of a given work area. 
Downstream data will be compared to concurrent upstream data to identify increases in 
turbidity (if any). In addition, inspections of the resuspension control system(s) installed in the 
river to contain disturbed sediments/soils and prevent downstream migration will be conducted 
on a daily basis. In the event turbidity increases reach prescribed action levels, a range of 
mitigation measures will be implemented based on the magnitude of the turbidity changes 
noted. 

Surface water samples will be collected and analyzed for PCB and Total Suspended Solids 
(TSS) from locations upstream and downstream of removal areas on a weekly basis to monitor 
potential impacts of construction on PCB concentrations, and to assess what, if any, increase 
in solids and PCB transport to downstream areas may be attributable to construction activities.

Detailed procedures for surface water monitoring are outlined in the draft Performance 
Standards Verification Plan,PSVP (included as Appendix C).

5.2 Long-Term Monitoring and Maintenance

Long-term monitoring and maintenance programs will be carried out to verify that the remedy 
continues to perform as expected in the post-closure period. Activities will include monitoring of 
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groundwater and landfill gas as well as monitoring and maintenance of restored/stabilized 
areas. Each long-term effort is described below.

5.2.1 Groundwater Monitoring

Upon completion of construction activities, a groundwater monitoring program will be 
implemented and will continue until USEPA determines that it is no longer necessary. This 
program will be evaluated during the five-year project review and during each subsequent 
review, as required under the National Contingency Plan, 40 Code of Federal Regulations Part 
300 (as amended). 

The groundwater monitoring program, as described in Section 4.6, will require installation of 
additional monitoring wells along the A-Site Berm and Willow Boulevard setback, and 
upgradient of the area of residuals that will remain in place. A series of proposed monitoring 
locations is presented in the Groundwater Monitoring section of the Performance Standards 
Verification PlanPSVP (included in draft form as Appendix C). Groundwater monitoring will be 
conducted in accordance with Part 201, Environmental Remediation, of the NREPA.

5.2.2 Landfill Gas Monitoring

Upon completion of construction activities, a gas monitoring program will be implemented and 
will continue until USEPA determines that it is no longer necessary. This program will be 
evaluated during the five-year project review and during each subsequent review. The gas 
monitoring plan is presented as part of the Performance Standards Verification PlanPSVP
(included in draft form as Appendix C). 

5.2.3 Post-Restoration Monitoring and Maintenance

Stabilized banks and restored habitats will be monitored in the post-closure period, and 
maintenance activities will be carried out as necessary. These items are anticipated to include:

• Bank Monitoring

• Vegetation Monitoring

• Exotic/Invasive Species Control

• Post-Restoration Site Control Monitoring and Maintenance Reports
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Details are summarized in the draft Performance Standards Verification PlanPSVP (included 
as Appendix C) and will be further developed and detailed in the draft Operation and 
MaintenanceO&M Plan (included as Appendix J) for the project. 
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6. Substantive Requirements of Relevant Permits and Regulations

The remedial action activities at the WB/A-Site OU will be performed in accordance with 
applicable federal requirements and relevant sections of Michigan Act 451 (as outlined in Table 
3-1). Substantive requirements of regulations associated with construction-related activities as 
well as the design, installation, and maintenance of the cover system at the WB/A-Site OU are 
discussed below. Requirements discussed in this section include those associated with the 
occupation, filling or grading of lands in a floodplain; stormwater discharges; impacts to 
wetlands; and local issues. Also discussed are requirements associated with the Restrictive 
Covenant being developed for the OU, police power ordinances, and future restrictions on 
groundwater use.

CERCLA stipulates that no federal, state, or local permits are required for any remedial action 
conducted in an area defined as within the Superfund Site, provided that the remedial action is 
carried out in compliance with CERCLA requirements. As an alternative to the administrative 
requirement of submitting a permit application and obtaining a permit, information is provided to 
the relevant governmental agency demonstrating how the substantive requirements of the 
appropriate regulation or law have been met. This Design Report presents information in 
support of meeting these substantive requirements.

6.1 Occupation, Filling, or Grading of Lands in a Floodplain

Act 451 Part 31 requires agency-approval to occupy, fill, or drain lands in a floodplain that will 
be inundated in a 100-year flood, but the floodplain regulations do not apply to excavation 
activities where excavated materials are placed in an area outside of the 100-year floodplain 
(see Part 31 Rule 323.1312 (m)). Although the majority of excavation activities at the OU are 
occurring within the 100-year floodplain, most of the excavated materials are proposed to be 
placed in areas that lie above or outside the 100-year floodplain. Based on the proposed 
excavation and final grading to be provided with the Final Design, an anticipated overall gain in 
flood storage capacity within the 100 year floodplain is anticipated at the WB/A-Site OU. 
According to the FEMA Flood Insurance Rate Map for the area including the OU, the higher 
areas of the WB/A-Site OU actually lie outside of the 500-year floodplain. The requirements of 
Act 451 Part 31 have been reviewed, and as described above, it is not anticipated that any 
areas within the floodplain will be modified in such a way as to create an overall encroachment 
on the floodplain or an overall loss in floodplain storage capacity that would result in harmful 
interference of the floodplain. It is therefore assumed that the planned excavation and 
regrading activities would not be subject to the substantive requirements of Part 31. 

In the ancillary areas (e.g., the area east of Davis Creek, the area south of the A-Site Berm, 
and the area near monitoring well AMW-3A), the design calls for backfilling excavated areas 
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with clean materials within the limits of the 100-year floodplain. However, no net loss of 
floodplain storage is anticipated in these areas.

6.2 Treated Water Discharge

Stormwater discharge requirements described in Act 451 Part 31 differ for the active 
construction and post-closure periods. Stormwater discharge requirements were considered for 
the removal, treatment, and discharge of ponded water currently located in the low lying areas 
around WB/A-Site OU, and the discharge of stormwater runoff during construction. Stormwater 
runoff discharge requirements were also considered for the post-closure period. The following 
sections address how the design meets substantive requirements for each scenario.

6.2.1 Construction Period

6.2.1.1 Ponded Water Removal, Treatment, and Discharge

Ponded water, if present in the low lying areas of excavation, will be removed (as necessary), 
treated, and discharged to the Kalamazoo River. To satisfy the substantive requirements of a 
NPDES permit application, the applicable information associated with the ponded water 
removal, treatment, and discharge activities will be developed and submitted to MDNRE to 
serve as the basis for the development of the SRD for the WB/A-Site OU construction activities 
prior to the start of construction. MDNRE will then issue the SRD for the project, and treated 
water will be discharged in conformance with the requirements set forth in the SRD.

6.2.1.2 Stormwater Runoff

Relevant stormwater discharge requirements addressed as part of this Design Report are 
described in Part 31 Rule 323.2190, which states that a stormwater discharge permit is 
required for “construction activity” that addresses/affects an area equal to or greater than five 
acres in size. Construction activity is defined by Part 31 as clearing, grading, excavating, or 
other similar activities.

The area of construction associated with the WB/A-Site OU remedial action exceeds five 
acres; therefore, the substantive requirements described in Part 31 Rule 323.2190 must be 
satisfied. These requirements include satisfying the requirements of the Kalamazoo County 
Department of Planning and Community Development Drain Commissioner described under 
the Soil Erosion and Sedimentation Control (SESC) Act presented in Act 451 Part 91. After 
satisfying the substantive requirements of Part 91, a Notice of Coverage (NOC) is also required 
to be developed and submitted to MDNRE to obtain coverage under the SESC Act. It is 
anticipated that the substantive requirement of the SESC Act and the NOC will be satisfied 
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through implementation of the erosion and sediment controls discussed in this Design Report. 
These controls will be further developed in subsequent phases of the design.

6.2.2 Post-Closure Period

The post-closure period begins at the completion of construction, when the Notice of 
Substantial Completion has been issued. In the guidance document Michigan’s Stormwater 
Discharge Permits for Landfills and Dumps (MDEQ 1995b), it states that approval is required 
for a “closed or capped” facility “only if significant materials at the site remain exposed to 
stormwater runoff.” Significant materials are specified as exposed wastewater that has leached 
through the waste (paper residuals) and resurfaced, and exposed (unvegetated) soils 
susceptible to water erosion.

Based on the proposed cover system design, consisting of a 12-inch gas venting layer, overlain 
by a 40 mil LLDPE, and in turn overlain by a 24-inch drainage layer and a 6-inch layer of 
topsoil, the post-closure cover system configuration will effectively eliminate exposed residuals 
and the formation of leachate, and provide a stabilized vegetative cover to limit surface soil 
erosion. In addition, residuals located in the low-lying areas around the OU and along the river 
shoreline, will be removed; therefore, after construction “significant materials” at these locations 
will not contact stormwater runoff. Based on the capabilities of the proposed cover system, and 
given that residuals currently located outside the planned footprint of the cover system will be 
removed and consolidated, performance of the remedial activities will effectively satisfy 
Michigan’s stormwater discharge guidance. As a result, compliance with the substantive 
requirements of the stormwater discharge guidance is not applicable for the post-closure 
period.

6.3 Wetlands

Act 451 Part 303 requires State approval to place fill material in a wetlands, remove soil or 
minerals from a wetland, or drain surface water from a wetland. Under Part 303 Rule 
324.30304b, if the United States Army Corps of Engineers (USACE) approves that the 
applicable requirements for a Section 404 permit are met, the State shall also grant approval
without conditions or limitations other than those imposed by the USACE unless the wetland is 
a rare and imperiled wetland; is regionally significant for the protection of fisheries, wildlife, or 
migratory birds; or the proposed project involves an activity not regulated by the USACE. 
USEPA has determined that there is no practical alternative to conducting work in the wetland 
areas of the OU (per the requirements of the CD). The design includes measures to minimize 
impacts to wetlands during construction and restore wetlands that are disturbed as a result of 
implementing the remedy in order to result in no net loss of wetlands in the area.
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6.4 Erosion and Sediment Control

Act 451, Parts 31 and 91 require a soil erosion and sedimentation control permit for an earth 
change if the change disturbs one or more acres of land or is performed within 500 feet of a 
lake or stream. As the closure activities at the WB/A-Site OU involve the disturbance of more 
than one acre of land and the location of the remedial action is within 500 feet of the 
Kalamazoo River, soil erosion and sedimentation control permit requirements are applicable to 
the cover system installation and closure construction activities.

To demonstrate how the substantive requirements of Act 451, Parts 31 and 91 will be met, 
erosion and sedimentation control details are included in the design.

6.5 Real Estate, Easements, and Restrictive Covenants

A draft Restrictive Covenant for the WB/A-Site OU is included as Appendix E to the CD. The 
Restrictive Covenant is used to establish a proprietary control for the OU. Georgia-Pacific is 
currently in the process of developing the draft document for use after implementation of the 
remedial action at WB/A-Site OU.

The Restrictive Covenant prohibits or places significant limitations on activities that “may 
interfere with the remedial action, and with the O&M, monitoring, or other measures necessary 
to assure the effectiveness and integrity of the remedial action.” Activities that may result in 
exposures above levels established in the CD, such as construction of structures or 
groundwater well installation, are also limited by the terms of the Restrictive Covenant.

The key elements of the draft Restrictive Covenant included as Appendix E to the CD are 
briefly summarized below:

• The property may not be used in a manner that causes existing contamination to migrate 
beyond the boundaries of the property, increase the cost of response activities, or 
otherwise exacerbate the existing soil and groundwater contamination located on the 
property

• The property may not be used in a manner that may interfere with Response Activities at 
the Property, including interim response, remedial action, operation and maintenanceO&M, 
monitoring, or other measures necessary to assure the effectiveness and integrity of the 
remedial action.

• Uses of the Property are restricted to those uses compatible with industrial, or other use 
that is consistent with the assumptions and basis for the cleanup criteria established for the 
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OU. Other uses consistent with the restrictions and conditions set forth in the Restrictive 
Covenant (and that do not involve occupancy of the Property on an overnight basis) may 
also be allowable. 

• The property may not be used for a residence, hospital for humans, public or private 
school, day care center for children, agricultural uses, or any purpose involving occupancy 
on a 24-hour basis.

• No wells or other devices may be installed on the property to extract groundwater for 
consumption, irrigation, or any other use, except for wells and devices that are necessary 
for response activities or other associated operation and maintenance (O&M) activities.

• Construction of any building on the property is prohibited unless the building is outside the 
landfill area and the building construction plans are submitted to and approved by USEPA.

• Permanent markers describing the restricted area and nature of prohibitions specified in 
the provisions of the Restrictive Covenant shall be placed within the property boundaries. 
These permanent markers should be kept visible at all times.

• USEPA, MDNRE, and designated representatives shall be granted the right to enter the 
property at all reasonable times for the purpose of determining and monitoring compliance 
with the CD.

As detailed in the draft Restrictive Covenant, the Owner of the OU is also obliged to include in 
any instrument conveying any interest in any portion of the property, the following notice:

NOTICE: THE INTEREST CONVEYED HEREBY IS SUBJECT TO A DECLARATION OF 
RESTRICTIVE COVENANT AND ENVIRONMENTAL PROTECTION EASEMENT, DATED 
_______, AND RECORDED WITH THE _______ COUNTY REGISTER OF DEEDS, LIBER 
_______, PAGE_______. THESE RIGHTS AND RESTRICTIONS RUN WITH THE LAND 
AND ARE ENFORCEABLE BY THE GRANTOR, GRANTEE, AND THE THIRD PARTY 
BENEFICIARY IDENTIFIED THEREIN.
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6.5.1 Existing Proprietary Controls

Parcel data for the WB/A-Site OU is presented below:

Parcel 12 39-06-24-195-010 Willow
Parcel 6 39-06-24-195-010 A-Site
Parcel 11 39-06-24-305-360

39-06-24-305-420
39-06-24-305-430

Fields Addition

Parcel 4 39-06-24-306-980 Triangle
Parcel 13 39-06-24-340-010 Olmstead Road

As defined in Section 6 of the Zoning Ordinance for the Charter Township of Kalamazoo, 
Michigan (Municipal Code Corporation 2001), the purpose of the ‘D’ Commercial and Industrial 
District Classification is:

to establish a zone where property may be used for general business and commercial 
uses and designated industrial purposes of a character involving outdoor storage and 
operations, as well as fully enclosed storage and operations which do not emanate 
noise, odors, smoke or light to such an extent as to be a nuisance to, or objectionable to, 
owners, or occupants of surrounding properties and which do not necessarily require 
large building or land area.

As defined in Section 7 of the Zoning Ordinance for the Charter Township of Kalamazoo 
(Municipal Code Corporation 2001), the purpose of the ‘E’ Industrial District Classification is 
primarily to: 

accommodate research and development facilities, industrial parks, wholesale activities, 
warehouses and industrial operations which include the manufacturing, compounding, 
processing, packaging, assembly and/or treatment of finished or semifinished products 
from previously prepared material, along with commercial and service businesses which 
support the employees and customers located in the District.

At this time, there are no known plans for this zoning designation to change or sunset, and 
current and known future activities at the WB/A-Site OU are in compliance with the allowable 
uses of both the ‘D’ Commercial and Industrial District Classification and ‘E’ Industrial District 
Classification. In fact, current and future activities at the WB/A-Site OU are intended to be 
consistent with the land use restrictions contemplated in the Restrictive Covenant, which are 
anticipated to be far more restrictive than the allowable uses of both the ‘D’ Commercial and 
Industrial District Classification and ‘E’ Industrial District Classification.
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6.6 Police Power Ordinances

Police power ordinances include controls placed on access or use of certain areas. There are 
currently no known police power ordinances that pertain to WB/A-Site OU, and none are 
anticipated to be necessary to maintain the integrity and effectiveness of the completed 
remedial action.

6.7 Groundwater Use Restrictions

Groundwater discharge in the State of Michigan is regulated by Part 31, Water Resources 
Protection, and Part 41, Sewerage Systems, of the NREPA, 1994 PA 451. Regulations related 
to groundwater quality are found in Part 22 of the MDEQ/MDNRE Environmental Response 
Division General Rules. These regulations relate to the requirements and prohibitions 
associated with discharging to groundwater. In addition, the MDNRE Water Bureau has 
regulations relating to water quality standards located in Part 4, Water Resources Protection.

The draft Restrictive Covenant for WB/A-Site OU, which was included as Appendix E to the 
CD, states that the Owner, its successors, and assigns shall “Not construct or use wells or 
other devices on the Property to extract groundwater for consumption, irrigation, or any other 
use, except for wells and devices that are necessary for Response Activities, testing and 
monitoring groundwater contamination levels in accordance with plans approved by the 
MDNRE or U.S. EPA.” These requirements are more stringent than State restrictions related to 
the construction and use of drinking water supplies (described in Part 127, Water Supply and 
Sewer Systems, of the NREPA 1978 PA 368, as amended).

It is currently anticipated that operation and maintenanceO&M activities will include 
groundwater monitoring, which will initially be performed on a quarterly basis in accordance 
with the ROD, the SOW, and other applicable regulations. In accordance with the SOW,
Groundwater monitoring shall be performed until USEPA, in consultation with MDNRE, 
determines that such monitoring is no longer necessary. These monitoring activities will be 
conducted (as specified in the ROD and SOW) in accordance with Part 115, Solid Waste 
Management; Part 201, Environmental Remediation, of the NREPA; the Toxic Substances 
Control Act (TSCA) (761.76(b)(6)); and Part 20120b(3) of NREPA as specified in Section II (L) 
of the SOW, to verify the effectiveness and integrity of the Response Activities. Georgia-Pacific 
will demonstrate compliance with the relevant requirements, and the provision for groundwater 
monitoring will be passed on to any future owners of the property by virtue of the Restrictive 
Covenant to maintain the integrity and effectiveness of the completed remedial action.



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\final remedial design report-031011.docx 7-1
Project Number: B0064581.00670/B0064582.00670

Final (100%) Remedial Design 
Report Willow Boulevard/A-
Site Landfill, Operable Unit 2DRAFT FOR FEDERAL AND STATE REVIEW

7. Project Deliverables and Construction Schedule

The CD and SOW describe the primary design project deliverables and supporting documents 
that are to be developed and submitted prior to the start of construction. Key deliverables are 
described in Section 7.1, followed by an overall description of the construction sequencing in 
Section 7.2.

7.1 Design Submittals and Supporting Documents

Table 7-1 summarizes the schedule for key future design deliverables required under the CD. 
A project schedule outlining RD activities to the start of construction activities is included in 
Figure 7-1. 

Table 7-1 Summary of Key Design Deliverables

Design Deliverable Milestone Due Date (calendar days)

Preliminary Design Report (50%) 90 days after receipt of all validated pre-design 
sample results – Submitted July 9, 2010

Pre-Final Design Report (95%)

120 days after receipt of comments on the 
Preliminary Design Report from USEPA – Formal 
comments received October 15, 2010; report 
submitted December 10, 2010

Final Design Report (100%)
60 days after receipt of comments on the Pre-Final 
Design Report from USEPA – Formal comments 
received January 21, 2011

Remedial Action Work Plan 30 days after USEPA approval of the Final Design 
Report

Several supporting documents are required to be developed in conjunction with the various 
design deliverables – these are described in the sections that follow.

7.1.1 Pre-Final Design Report

As required by Section III, Task 2, Paragraph A of the SOW, the Preliminary Design Report 
was submitted (in July 2010) when the design effort was approximately 50% complete . The 
key requirement for thisand the Pre-Final Design Rreport was submitted (in December 2010) 
when the design effort was approximately 95% complete. The key requirement for this Final 
Design Report, which is to be submitted when the design effort is approximately 95% 
complete, is that the remedial design for the project must be complete (subject to any final 
comments from USEPA) and all USEPA comments on the Preliminary Pre-Final Design are 
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tomust be addressed. Appendix J K provides a complete set of responses to USEPA 
comments on the Preliminary Pre-Final Design submittal. Additionally, the supporting 
documents and plans that are included or discussed in the Pre-Final Design Report are:

• Draft Performance Standards Verification Plan (PSVP) – required under Section III, 
Task 2, Paragraph A of the SOW: this plan is to describe the proposed mechanisms that 
will be established to verify the remedial action achieves the overall RAOs defined in the 
ROD as well as the short- and long-term Performance Standards. In addition, the PSVP is 
to include provisions for excavation verification sampling, as needed. Section III, Task 6, 
Paragraph A of the SOW states that the PSVP is to include a Quality Assurance Project 
Plan (QAPP), Health and Safety Plan (HSP), Field Sampling Plan (FSP), and a description 
of tasks that will be carried out to demonstrate compliance with the Performance 
Standards. A first draft of theDraft versions of the PSVP was were included as part of the 
Preliminary and Pre-Final Design Submittals. An updated draftThe version of the PSVP is 
included in Appendix C. The final PSVP will be submitted with the Final Design Report.

• Draft Quality Assurance Project Plan (QAPP) – required under Section III, Task 2, 
Paragraph A of the SOW: In accordance with the requirements of the CD, quality 
assurance, quality control, and chain of custody procedures for all treatability, design, 
compliance, and monitoring samples will be performed in accordance with USEPA 
requirements and guidelines. The Multi-Area Quality Assurance Project Plan for the Allied 
Paper, Inc./Portage Creek/Kalamazoo River Superfund Site (Multi-Area QAPP; ARCADIS 
2010c2010e), which was revised to include project-specific requirements for the WB/A-Site 
OU, was approved by USEPA in February 2010. As described in Section III, Task 1 of the 
SOW, use of the Multi-Area QAPP is appropriate, since the revised version includes 
information specific to work that will be performed as part of the remedial action. The Multi-
Area QAPP includes details for sampling protocols along with chain of custody details from 
time of sampling to receipt and validation of sample results from the laboratory. 

• Draft Health and Safety Plan (HSP) – required under Section III, Task 2, Paragraph A of 
the SOW: The HSP is to include provisions and procedures that will be implemented to 
protect on-site personnel and area residents from physical, chemical, and other hazards 
potentially posed by the remedial action. The Multi-Area Health and Safety Plan for the 
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site (Multi-Area HSP; 
ARCADIS 2007b) was originally approved by USEPA in May 2007, and the overarching 
elements of the Multi-Area HSP will be followed during work at the OU. ARCADIS 
developed an addendum to the Multi-Area HSP that includes elements specific to work at 
the WB/A-Site OU (ARCADIS 2010d2010f), which USEPA approved in February 2010. 
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Use of the Multi-Area HSP is permitted under Section III, Task 1 of the SOW since the 
document has been updated to include information specific to the remedial action

• Draft Contingency Plan – required under Section III, Task 2, Paragraph A of the SOW:
As described in Section IV, Paragraph 2 of the SOW, a Contingency Plan must be included 
as part of the HSP to describe procedures to be followed in the event of an accident or 
emergency at the OU. All theThe majority of elements required in the SOW (including 
Person responsible for responding in an emergency, first aid medical information, and spill 
prevention procedures) are addressed in the USEPA-approved Multi-Area HSP and 
associated addenda (ARCADIS 2010d2010f). The remaining items; except for a plan and 
date for meetings with local community, including local, State, and Federal agencies 
involved in the cleanup, as well as local emergency first responders and hospitals; and an 
air monitoring plan. This detail is are covered within the CQAPP, as described below.

• Draft Field Sampling Plan – required under Section III, Task 2, Paragraph A of the SOW:
The overarching elements of the Multi-Area FSP (ARCADIS BBL 2007a) for the Superfund 
Site will be followed during work at the OU. ARCADIS submitted an addendum to the Multi-
Area FSP to include information specific to work at the WB/A-Site OU (ARCADIS 
2010e2010g), and that addendum was approved by USEPA in February 2010. As 
described in Section III, Task 1 of the SOW, use of the Multi-Area FSP along with the OU-
specific addendum is appropriate.

• Draft Construction Quality Assurance Project Plan (CQAPP) – required under Section 
III, Task 2, Paragraph C of the SOW: The CQAPP is to detail the approach to quality 
assurance during construction activities, and identify the Quality Assurance Manager (QA 
Manager) who will manage the QA program during the construction phase. The CQAPP 
will also contains the following details:

o Responsibilities and authorities of all organizations and key personnel involved in the 
design and construction of the remedial action

o Qualifications of the QA Manager (to demonstrate the individual possesses the
necessary training and experience to fulfill the identified responsibilities of the position)

o Protocols for sampling and testing used to monitor construction
o Proposed quality assurance sampling activities and reporting requirements, including a 

description of the provisions for final storage of all records

A draft version of the CQPP was included in the Pre-Final Design Report (ARCADIS 
2010c). The draft CQAPP is included in Appendix H.
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7.1.2 Final Design Report

The key requirement for this report, which is to be submitted when the design effort is 
complete, is that all USEPA comments on the Pre-Final Design are to be addressed. 

The Final Design Report will also include the final construction drawings and the following 
supporting documents:

• Final PSVP

• Draft Operation and Maintenance Plan (O&M Plan) – required under Section III, Task 5, 
of the SOW: Long-term maintenance and post-closure care will be implemented as part of 
the remedy. The Draft O&M Plan (included as Appendix J) will includes the proposed 
approach for the monitoring and maintenance of the cover system, gas venting system 
(which will include long-term gas monitoring), erosion control measures, fencing, 
groundwater monitoring wells, drainage structures, and restored/created wetlands. The 
final version of the O&M Plan will be submitted in accordance with the schedule outlined in
the Remedial Action Work Plan (RA Work Plan) for the project, described below in Section 
7.1.2.

• Final CQAPP

7.1.37.1.2 Remedial Action Work Plan

Per Task 3 of the SOW, it is anticipated that the Remedial Action Work Plan (RA Work Plan) 
will include detailed descriptions of the remediation and construction activities and will be 
based on the Final Design approved by USEPA. The RA Work Plan will include the following 
items:

• Schedule for completion of the remedial action
• Method for selection of the contractor
• Schedule for developing and submitting other required RA plans, as needed
• Groundwater Monitoring Plan
• Methods for satisfying permitting requirements
• Methodology for implementation of the Operation and MaintenanceO&M Plan
• Methodology for implementation of the Contingency Plan
• Provisions for air and surface water monitoring, as deemed necessary by USEPA
• Tentative formulation of the remedial action team, including the supervising contractor
• CQAPP (and methodology for implementation)
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• Procedures and Plans for the decontamination of equipment and the disposal of 
contaminated materials 

• Schedule for implementation of all remedial action tasks identified in the Final Design 
Report

• Initial members of the Remedial Action Project Team

7.2 Project Schedule

Excavation and consolidation activities are currently scheduled to begin in 2011, following 
USEPA approval of the Final Design Report, final Construction Drawings, and final Technical 
Specifications, and after securing any necessary access agreements. Georgia-Pacific will work 
collaboratively with USEPA, MDNRE, and the Natural Resource Trustees through the various 
administrative, technical planning, and public communication steps. 

This section provides a summary of the anticipated construction schedule. The preliminary 
schedule, sequencing, and duration of specific work tasks anticipated for implementation 
during the 2011 (Phase 1) and 2012-2013 (Phase 2) construction seasons are depicted on 
Figure 7-2. Critical assumptions and potential constraints that may impact the actual timing and 
duration of construction and overall project implementation are discussed in Section 7.2.2.

7.2.1 Summary of Construction Activities and Schedule

Construction activities are currently scheduled to take place over two three construction 
seasons. Phase 1, which includes approximately 36 weeks of site preparation and construction 
is planned to begin in May 2011 and continue through mid-December 2011. Phase 2 is 
scheduled for 2012 and 2013, and will require approximately 42 weeks of construction between 
March April and December, 2012, with partial removal of the sheetpile wall occurring over 4-5 
weeks later in 2013. Installation of the groundwater monitoring system for both landfills is 
planned for either 2012 following completion of cap construction activities, or second quarter 
2013, depending on if there is sufficient time to complete installation prior to onset of winter 
weather. The schedule may be modified based on weather, river levels, and work productivity 
as discussed in Section 7.2.2.

As shown on Figure 7-2, work will start at the Willow Boulevard Landfill and move on to the A-
Site Landfill in the second and third years of construction. During the initial part of Phase 1, the 
focus will be on site preparation and development activities before moving on to excavation 
work. Work crews will excavate materials from the northern side of the Willow Boulevard 
Landfill and the Willow Boulevard Drainageway, prior to installation of the cover system. Phase 
2 work will begin with preparation work at the A-Site Landfill, followed by excavation. 
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Excavation work will be completed on the northern side of A-Site Landfill and the ancillary 
areas of the area south of the A-Site Berm, the area east of Davis Creek, and the area near 
Monitoring Well AMW-3A. Similar to the work at Willow Boulevard Landfill, the excavated 
materials will be consolidated at A-Site Landfill before being isolated under an impermeable 
cover system. Partial removal of the sheetpile wall will be performed in the autumn of 2013. 
The ancillary areas adjacent to A-Site Landfill may be excavated during Phase 1 activities 
depending on conditions encountered in the field.; i.e., if very dry conditions are encountered, it 
may be more practical to excavate these areas early to minimize the amount of excavation in 
the wet. In this case, material will be stockpiled on A-Site over the winter months and 
appropriate erosion and sediment controls such as silt fencing and hydroseeding of the 
stockpile will be implemented. Any interim measures implemented at the OU will be 
coordinated with USEPA and MDNRE.

In each part of the OU, project support work (access improvements, clearing and grubbing, and 
installation of erosion, sedimentation, and resuspension controls) will be completed first, 
followed by soil/sediment removal, material consolidation, and cover system placement. 

After the conclusion of removal activities and cover system installation, habitat enhancement 
activities will begin for each respective area in Phase 1 and Phase 2 of the project. The 
success of seeding can be somewhat reduced during August and September, so habitat 
enhancement activities have been scheduled around these months.

7.2.2 Potential Impacts to Construction Schedule and Sequencing

The construction schedule summarized above and provided on Figure 7-2 was prepared 
assuming reasonably anticipated circumstances and anticipated soil removal and capping 
productivity. However, the schedule, sequencing, and duration of any construction component 
may be affected by inclement weather, high-flow events, technical adjustments to the design, 
additional work based on verification sampling results, or other factors largely outside the 
control of the Primary Contractor. Habitat enhancement activities also are subject to weather 
and seasonal conditions. An adaptive management approach will be employed to address 
schedule modifications with the objective – but not an explicit guarantee – of completing the 
majority of project activities (excluding partial removal of the sheetpile wall) by the end of 2012.

Specifically, and as shown on Figure 7-2, the project schedule has been based on an assumed 
construction start date in May, 2011. This start date will potentially allow enough time for 
completion of Phase 1 construction tasks by December 2011. Delays in the construction start 
date (for instance due to weather, delays in approval of the remedial design, or potential issues 
with procurement of the construction contract) will adversely affect subsequent or dependent 
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tasks in the sequence, and therefore could prevent the completion of Phase 1 construction 
activities before the end of 2011, delaying one or more of these activities into 2012. 

7.3 Completion Reports

7.3.1 Completion of the Remedial Action

In accordance with the SOW and Paragraph 52 of the CD, within 90 days of completion of the 
remedial action (excluding O&M activities) and achievement of the relevant performance 
standards, Georgia-Pacific and ARCADIS will schedule a pre-certification inspection, which will 
be attended by Georgia-Pacific, ARCADIS, and USEPA and will be open to attendance by 
MDNRE and other trustees. Georgia-Pacific proposes to schedule two pre-certification 
inspections – one after the conclusion of activities at Willow Boulevard Landfill (likely at the end 
of the first construction season), and a second after the conclusion of activities at A-Site 
Landfill.

Within 30 days of the second pre-certification inspection (at A-Site Landfill), ARCADIS (on 
behalf of Georgia-Pacific) will submit a written report requesting certification by USEPA for 
approval. The report will include the following items:

• Brief description of how outstanding items noted in the pre-certification inspection were 
resolved

• Explanation of modification made during the Remedial Action to the approved RD and 
Remedial Action Work Plans and why these changes were made

• As-built drawings, including vegetation established and erosion controls remaining in place
• Synopsis of the work defined in the SOW and a demonstration in accordance with the 

PSVP that performance standards have been achieved
• Certifications that the Remedial Action has been completed in full satisfaction of the 

requirements of the CD and SOW
• Description of how any remaining part of the USEPA-approved O&M Plan will be 

implemented
• Summary of the respective mitigation objectives and the actions implemented to meet 

those objectives
• Certification that all work plans, specifications, and schedules have been implemented and 

completed in accordance with the respective plans approved by USEPA, including 
certification statement as outlined in Paragraph 52 of the CD.

• Discussion of difficulties encountered during project implementation that may alter or 
reduce the effectiveness of the respective mitigation and any implemented or planned 
corrective actions
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• Discussion of any necessary modifications to the O&M procedures as approved

The written report shall identify any performance standards that have not been met as of the 
date of the report, and shall include as-built drawings signed and stamped by a Professional 
Engineer licensed in the State of Michigan.

The report will contain the following statement, signed by Georgia-Pacific or ARCADIS:

“To the best of my knowledge, after thorough investigation, I certify that the information 
contained in or accompanying this submission is true, accurate, and complete. I am 
aware there are significant penalties for submitting false information, including the 
possibility of fine and imprisonment for knowing violations.”

7.3.2 Completion of the Work

In accordance with the SOW and Paragraph 53 of the CD, within 90 days of completion of all 
phases of the work (including O&M activities), Georgia-Pacific and ARCADIS will schedule a 
pre-certification inspection of the WB/A-Site OU, which will be attended by Georgia-Pacific, 
ARCADIS, and USEPA and will be open to attendance by MDNRE and other trustees. Within 
30 days of the pre-certification inspection, ARCADIS (on behalf of Georgia-Pacific) will submit 
a written report requesting certification by USEPA for approval (Completion of Work Report), 
the format of which will be confirmed (between Georgia-Pacific and USEPA) upon completion 
of O&M activities. The completion of work report will include the same statement as above, 
signed by Georgia-Pacific or ARCADIS.
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Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Landfill Operable Unit 2
Final Remedial Design Report

Table 2-1 – Summary of Surficial Soil Sample PCB Concentrations

Compound Frequency of 
Detection

Range of 
Concentrations 

(mg/kg)
Arithmetic Mean 

(mg/kg)

Willow Boulevard Site1

Total PCB 17/22 ND-270 45.7
A-Site2

Total PCB 24/37 ND-14 1.3
AMW-3A Area
Total PCB 12/19 ND-5.9 1.5
Area East of Davis Creek
Total PCB 18/20 ND-36 3.9

Notes:
1. Incorporates data from Willow Boulevard Drainageway
2. Incorporates data from the Area South of A-Site Berm
3. mg/kg – milligrams per kilogram
4. ND – non-detect
5. PCB – polychlorinated biphenyl

Table 2-2 – Summary of Subsurface Soil Sample PCB Concentrations

Compound Frequency of 
Detection

Range of 
Concentrations 

(mg/kg)
Arithmetic Mean 

(mg/kg)

Willow Boulevard Site1

Total PCB 53/66 ND-160 26.9
A-Site2

Total PCB 77/101 ND-330 23.5
AMW-3A Area
Total PCB 35/48 ND-62 4.7
Area East of Davis Creek
Total PCB 6/7 ND-0.2 0.12

Notes:
1. Incorporates data from Willow Boulevard Drainageway
2. Incorporates data from the Area South of A-Site Berm
3. mg/kg – milligrams per kilogram
4. ND – non-detect
5. PCB – polychlorinated biphenyl
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Regulation Citation Description ARAR/TBC Rationale

40 CFR 131
EPA 440/5-86/001-
Quality Criteria for 
Water - 1986

Recommended water quality criteria for protection of 
aquatic life and/or human health depending on 
designated water use. National Toxics Rule (NTR; 
40 CFR 131.36) set forth water quality criteria for 
those states which had not adopted water quality 
criteria (including Michigan). The water quality 
criteria for total PCBs was updated on 11/9/99 to be 
0.00017 ug/L for human health criteria. The 2002 
updates to the NRWQC for total PCBs are: 
0.000064 ug/L for human health, and 0.014 ug/L for 
the freshwater aquatic life criteria continuous 
concentration.

TBC

Considered for surface water runoff 
discharging to the waterway from 
upland soils and for assessing water 
quality in the vicinity of the WB/A-Site 
OU.

40 CFR 136 Guidelines establishing test procedures for the 
analysis of pollutants. ARAR

Applicable for activities involving 
excavation and dewatering of 
residuals, discharge to surface water, 
or water recovery/treatment. The 
procedure prescribed must be used.

40 CFR 122 Establishes the NPDES and sets criteria and 
standards. ARAR

Appropriate for activities involving 
discharge to surface water. 
Substantive requirements of a 
discharge permit must be attained.

Table 3-1 -- Compliance with Federal and State ARARs and TBCs

Georgia-Pacific LLC

FEDERAL CHEMICAL-SPECIFIC ARARs and TBCs

Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site
Willow Boulevard/A-Site Landfill Operable Unit 2

Final Remedial Design Report

Clean Water Act 
(CWA)
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Table 3-1 -- Compliance with Federal and State ARARs and TBCs

Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Landfill Operable Unit 2
Final Remedial Design Report

Regulation Citation Description ARAR/TBC Rationale

Great Lakes Critical 
Programs Act of 1990 
(Water Quality 
Guidance for the 
Great Lakes System)

33 U.S.C. 1258 and 
1268 amended by P.L. 
101- 596, 104 Stat. 
3000 et seq., 40 CFR 
132

Creates Water Quality Guidance for the Great 
Lakes System that identifies minimum water quality 
standards, antidegradation policies, and 
implementation procedures to protect human health, 
aquatic life, and wildlife. Defines the Great Lakes 
System as “all the streams, rivers, lakes, and other 
bodies of water within the drainage basin of the 
Great Lakes within the United States.” Does not 
include numerical human health water quality 
criteria for PCBs in surface water. Water quality 
criteria for the protection of wildlife is set at 0.00012 
ug/L for total PCBs in surface water.

TBC

Considered for activities which 
include excavation and dewatering of 
residuals, and groundwater 
recovery/treatment. Also considered 
for surface water runoff discharging 
to the waterway from upland soils.

Toxic Substances 
Control Act (TSCA) 40 CFR 761.61

PCB Remediation Waste Rule establishing risk- 
based disposal methods for PCB remediation 
waste.

Applicable
TBC

The WB/A-Site OU contains PCB 
remediation waste. A risk-based 
cleanup may be initiated if approved 
by EPA.

EPA 540/G-90/007 OSWER Directive
9355.4-01

Guidance on remedial actions for Superfund sites 
with PCB contamination. Advocates appropriate 
engineering and institutional controls for 
contaminated material that is managed in place long 
term.

TBC May be used as a guideline for 
handling PCB-containing residuals.

FEDERAL CHEMICAL-SPECIFIC ARARs and TBCs (continued)
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Table 3-1 -- Compliance with Federal and State ARARs and TBCs

Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Landfill Operable Unit 2
Final Remedial Design Report

Regulation Citation Description ARAR/TBC Rationale

MCL 324.3109/MAC 
323.1001 (Rescinded)

Prohibits direct or indirect discharge of a
substance that is injurious to public health, 
recreational use, or aquatic life. Establishes rules 
specifying standards for several water quality 
parameters.

Applicable

Any remedial action that results in the 
unacceptable discharge of injurious 
substances will not be considered 
effective or complete.

MAC 323.1041-1116 
(Part 4 Rules)

The State of Michigan's Part 4 Rules specify water 
quality standards which shall be met in all waters of 
the state. The rules require that all designated uses 
of the receiving water be protected, including 
indigenous aquatic life and wildlife.

TBC

These rules drive the need to reduce 
contaminant loading to the 
Kalamazoo River. Surface water 
quality standards may be used to 
assess surface water quality in the 
vicinity of the WB/A-Site OU and as a 
means to gauge effectiveness of a 
remedial action.

MAC 323.1201-1221 
(Part 8 Rules)

In accordance with federal WPCA and CWA, 
establish chemical-specific WQBELs for point-
source discharges. ARAR

Part 201 requires that remedial 
actions comply with Part 31 and its 
promulgated rules. Criteria are 
applicable to venting groundwater, 
storm water, and
discharge associated with 
implementing the remedial action.
Applicable for discharge of water to 
Kalamazoo River

MAC 323.2101-2104,
2136-2140, 2142-2145,
2149, 2152-2155, 2160- 
2161, 2190
(Part 21 Rules)

Establishes a waste effluent discharge system 
compatible with NPDES.

Relevant and
Appropriate

Substantive requirements of state 
discharge permits (including storm 
water permits) must be attained for 
remedial actions taking place onsite.

Michigan Public Act 
451, Part 31 - Water 
Resources Protection

STATE CHEMICAL-SPECIFIC ARARs and TBCs
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Table 3-1 -- Compliance with Federal and State ARARs and TBCs

Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Landfill Operable Unit 2
Final Remedial Design Report

Regulation Citation Description ARAR/TBC Rationale

MCL 324.20118(2)
MCL 324.20120a
MAC 299.5101-5117
MAC 299.5601
MAC 299.5705
MAC 299.5742

Establishes rules specifying site cleanup criteria. 
Requires that remedial action be consistent with 
cleanup criteria in promulgated rules. Generic and 
site-specific criteria deemed to meet the 
protectiveness requirement.

Applicable
ARAR

By statute, the WB/A-Site OU is a 
“facility.” Response activities 
conducted at the OU must meet the 
appropriate state-established 
protective criteria. If these criteria are 
attained, the remedial action will be 
considered protective by MDEQ. 
These regulations may limit potential 
work and/or storage areas.

MCL 324.20120a (15)
MAC 299.5716

If a remedial action allows for venting groundwater, 
the discharge shall comply with Part 31. Allows for a 
mixing zone determination to set site-specific criteria

Applicable

Applicable to any remedial action that 
allows venting groundwater. 
Consistent with promulgated rules, if 
GSI criteria are exceeded at 
compliance monitoring wells, 
additional action is required.

Michigan Public Act 
451,
Part 147- PCB 
Compounds.

MCL 324.14704
MAC 299.3317(2)

Establishes rules for disposal of PCB. Disposal 
requirements for PCB contaminated materials, 
which shall be disposed of at a licensed landfill 
approved for PCB disposal, unless approval for an 
alternative method of disposal is obtained from 
MDEQ.

Relevant and 
Appropriate

Appropriate due to presence of 
business generated PCB waste and 
because waste contains PCB 
concentrations greater than 100 
mg/kg. PCBs are primarily regulated 
by the federal TSCA requirements, 
and this ARAR could be satisfied by 
MDEQ concurrence with a Record of 
Decision calling for disposal under 
TSCA.

STATE CHEMICAL-SPECIFIC ARARs and TBCs (Continued)

Michigan Public Act 
451, 
Part 201 - 
Environmental 
Response
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Table 3-1 -- Compliance with Federal and State ARARs and TBCs

Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Landfill Operable Unit 2
Final Remedial Design Report

Regulation Citation Description ARAR/TBC Rationale

40 CFR 230
Guidelines to restore and maintain the chemical, 
physical, and biological integrity of waters of the 
United States by controlling discharge of fill material.

TBC
Guidelines may be followed for 
placement (or disposal) of fill into the 
river, floodplain, or wetland.

40 CFR 232 Requirements for placement of fill. ARAR Substantive requirements of Section 
404 permit must be met.

40 CFR 122
40 CFR 125
40 CFR 136
40 CFR 1341, 1344

Establishes site-specific pollutant limitations and 
performance standards which are designed to 
protect surface water quality. Types of discharges 
regulated under the CWA include: discharge to 
surface water (including stormwater), indirect 
discharge to a POTW, and discharge of dredged or 
fill material into US waters.

ARAR

May be relevant and appropriate for 
remediation alternatives which treat 
and/or discharge water. Relevant and 
Appropriate for stormwater. 
Regarding
stormwater regulations, the EPA 
Region V Construction General 
Permit outlines a set of provisions to 
follow. State standards that are more 
restrictive than federal criteria 
become the relevant and appropriate 
requirement, consistent with CERCLA 
121(d).

40 CFR 129
Establishes effluent standards for toxic compounds 
including PCBs (40 CFR 129.105).  Applies to discharges 
to navigable waters.

ARAR
Applicable for remedial alternatives that 
would include discharge of water to 
Kalamazoo River.

FEDERAL ACTION/LOCATION-SPECIFIC ARARs and TBCs

CWA
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Table 3-1 -- Compliance with Federal and State ARARs and TBCs

Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Landfill Operable Unit 2
Final Remedial Design Report

Regulation Citation Description ARAR/TBC Rationale

Rivers & Harbors Act
33 USC 403
33 CFR 322
33 CFR 323

Prohibits unauthorized obstruction or alteration of 
any navigable waters (filling, cofferdams, piers, etc.) ARAR

The river upstream of Calkins Dam is 
not considered navigable by the Army 
Corps of Engineers. However, 
substantive portions of CWA Section 
404 permit must be met to ensure 
remedial activities avoid obstruction 
or inappropriate alteration the river 
channel. Remedial activities may be 
conducted in such a way as to avoid 
major obstruction or alteration to 
Kalamazoo River

Fish and Wildlife 
Coordination Act

16 USC 661-667e
33 CFR 320 – 330 
40 CFR 6.304

Protection of endangered species and wildlife. ARAR

The WB/A-Site OU is not known to be a 
habitat for endangered species or wildlife. 
A search will be run through the State 
Historic Preservation Office.

Endangered Species Act
16 USC 1531-1544
50 CFR 200
50 CFR 402

Requires federal agencies to ensure that the continued 
existence of any endangered or threatened species and 
their habitats will not be jeopardized by a site action.

ARAR

There are no known endangered species 
associated with the WB/A-Site OU. A 
search will be run through the State 
Historic Preservation Office.

Executive Orders: 
11990 - Protection of 
Wetlands
11988 - Floodplain 
management.

40 CFR 6.302
40 CFR 6, Appendix A; 
OSWER 9280.0-03

Requires federal agencies, where possible, to avoid 
or minimize adverse impacts of federal actions upon 
wetlands/floodplains. Calls for agencies to preserve 
and restore floodplains so that their natural and 
beneficial values can be realized.

ARAR Executive orders affect any work 
conducted in floodplains or wetlands.

FEDERAL ACTION/LOCATION-SPECIFIC ARARs and TBCs (Continued)
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Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Landfill Operable Unit 2
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Regulation Citation Description ARAR/TBC Rationale

40 CFR 257
Establishes the regulations regarding criteria for 
classification of solid waste disposal facilities and 
practices.

ARAR ARAR if residuals are removed from 
the WB/A-Site OU.

40 CFR 264.221 40 
CFR 264.226 40 CFR 
264.227 40 CFR 
264.228

Establishes dike stabilization guidelines for surface 
impoundments containing hazardous materials. TBC

WB/A-OU is not a RCRA surface 
impoundment, although dike
stabilization criteria may still be 
considered when evaluating remedial 
alternatives.

RCRA Subtitle D — 
Management of Solid 
Wastes

40 CFR 257 and 258; 
42 U.S.C. 6901 et seq.

Establishes standards for the management and 
disposal of solid waste, including: 1) Facility or 
practices in floodplains will not restrict the flow of 
base flood, reduce the temporary water storage 
capacity of the floodplain, or otherwise result in a 
washout of solid waste; 2) Facility or practices shall 
not cause discharge of dredged or fill material into 
waters of the U.S.; 3) Facility or practice shall not 
allow uncontrolled public access so as to expose 
the public to potential health and safety hazards; 4) 
Covers groundwater monitoring and corrective 
action requirements under Subpart E and closure 
and post closure care under Subpart F.

TBC May be considered as it offers 
guidance on management of waste.

Clean Air Act (CAA) 40 CFR 52
42 U.S.C. 7401 et seq.;

Establishes requirements for constituent emission 
rates in accordance with NAAQS. TBC

May be considered for remedial 
alternatives that include relocation of 
residuals. State criteria apply.

FEDERAL ACTION/LOCATION-SPECIFIC ARARs and TBCs (Continued)

Resource 
Conservation and 
Recovery Act (RCRA)
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Regulation Citation Description ARAR/TBC Rationale

CAA (Continued) 40 CFR Part 50
42 U.S.C. 7401 et seq.;

Provides valuable guidelines with respect to 
minimizing the harmful effects of fugitive dust and 
airborne contaminants that result from excavation, 
construction, and other removal activities. 
Establishes primary and secondary ambient air 
quality standards for emissions of chemicals and 
particulate matter.

TBC
TBC for remedial alternatives that 
include excavation/removal of 
residual/soil.

Water Quality 
Standards 40 CFR 264.226 State-specific ARARs for surface water quality. ARAR

State-specific ARARs will govern 
where more stringent than federal 
ARARs.

USDOT Placarding 
and Handling

40 CFR 264.227
49 CFR 171

Transportation and handling requirements for 
materials containing PCB with concentrations of 20 
mg/kg or more.

ARAR This would apply if residuals are 
removed from the WB/A-Site OU.

Occupational Safety 
and Health 
Act—Hazardous 
Waste Operations 
and Emergency 

29 CFR 1910.120
Establishes health and safety requirements for 
cleanup operations at sites on the National Priorities 
List

ARAR Applies to any action alternative for 
protection of onsite workers.

FEDERAL ACTION/LOCATION-SPECIFIC ARARs and TBCs (Continued)
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Regulation Citation Description ARAR/TBC Rationale

Michigan Public Act 
451, Part 303 - 
Wetland Protection

MAC 281.921-925
MCL 324.30301-30323 Establishes the rules regarding wetland uses. ARAR

For certain remedial alternatives 
(especially east of Davis Creek), 
these regulations may limit potential 
work and/or storage areas.

MCL 324.20118(2)
MCL 324.20120a 
MAC 299.5705

Requires that a remedial action shall provide for 
response activity that will satisfy cleanup criteria. ARAR

The remedial action implemented 
must meet generic or site-specific 
cleanup criteria.

MCL 324.20120a
MAC 299.5708

If the target detection limit or background 
concentration is greater than the risk-based cleanup 
criteria, the target detection limit or background 
concentration shall be used instead of the risk-
based cleanup criterion.

ARAR
Applicable to all environmental media 
and may be used to gauge the 
success of the remedial action.

MCL 324.2017a
MCL 324.20114

Requirements for owner of a facility, such as 
preventing exacerbation and exercising due care. ARAR

Applicable to site if existing 
contamination is left in place or if 
there is a release of contaminants 
from the site.

MCL 324.20116
MCL 324.20120a(16) 
MCL 324.20120b
MAC 299.5524

Restrictions on transfer of real property designated 
as a facility. Requirement that if residential criteria 
are not met, land use restrictions must be provided. 
Actions required upon approval of remedial action 
plans.

ARAR

Due to existing contamination, 
property cannot be transferred 
without notification of land use 
restrictions that apply to the WB/A-
Site OU. All actions leaving 
contamination in place must, with 
county register of deeds, record 
restrictions on activities that may 
interfere with the integrity of the 
remedial action and on activities that 
may result in unacceptable exposure.

STATE ACTION/LOCATION-SPECIFIC ARARs and TBCs

Michigan Public Act 
451, Part 201 - 
Environmental 
Response

G:\COMMON\64581-A-site\11 Draft Reports and Presentations\2011 Final Remedial Design Report\Tables\Table 3-1 (ARARs).xls
3/9/2011
Project Number: B0064581/82.0001 00670 Page 9 of 19



DRAFT FOR FEDERAL AND STATE REVIEW 

Table 3-1 -- Compliance with Federal and State ARARs and TBCs
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Willow Boulevard/A-Site Landfill Operable Unit 2
Final Remedial Design Report

Regulation Citation Description ARAR/TBC Rationale

MCL 324.20118, et al. 
MAC 299.5532(11)

Required elements of remedial action plans 
(remedial design documents). ARAR

Substantive requirements can be met 
in remedial design documents. For 
example, by including an aquifer 
monitoring plan and operation and 
maintenance plan. Such plans identify 
points of compliance for judging the 
effectiveness of the remedial action.

MCL 324.20120c Required action if contaminated soil is moved off- 
site or relocated within the site ARAR

Material moved off site must be 
evaluated to determine if it is subject 
to Part 111. Required approval to 
move soil can be attained through 
MDEQ approval of a Remedial 
Design.

MAC 299.5520
MAC 299.51003-51005 Objectives of response activities, determination (or 

nullification) that a response activity is complete. ARAR

When the response action is 
complete, the entity initiating the 
action has the burden of 
demonstrating that the action meets 
all requirements.

MAC 299.5522 
MAC 299.51017

Liable parties must provide notice to the department 
and adjacent land owners in certain situations, such 
as if hazardous substances emanate beyond the 
property boundary.

ARAR

Applicable if there is a release (above 
criteria) from the WB/A-Site OU or if 
GSI criteria are exceeded during/after 
remedial action.

Michigan Public Act 
451, Part 301 - Inland 
Lakes and Streams

MAC 281.951-961
MCL 324.30101-30113
MAC 281.811-846

Regulates dredging or filling of lake or stream 
bottoms. ARAR

For remedial alternatives involving 
any fill in the river channel or 
streambeds, activities may be 
restricted by these regulations.

STATE ACTION/LOCATION-SPECIFIC ARARs and TBCs (Continued)

Michigan Public Act 
451,
Part 201 - 
Environmental 
Response 
(Continued)
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Regulation Citation Description ARAR/TBC Rationale

Michigan Public Act 
451,
Part 91 - Soil Erosion 
and Sediment Control

MCL 324.9112
MCL 324.9116
MAC 323.1701-1714

Requirements for owners of land undergoing an 
earth change. Establishes rules prescribing soil 
erosion and sedimentation control plans, 
procedures, and measures.

ARAR

For any remedial action involving an 
earth change, liable parties must 
implement and maintain soil erosion 
and sedimentation control measures. 
Substantive requirements of permit 
must be satisfied.

Michigan Public Act 
451, Part 31 - Water 
Resources Protection

MCL 324.3112 Prohibition of discharge waste or waste effluent into 
surface water without approval of the State. ARAR

Certain remedial alternatives may
involve discharge of waters to the 
Kalamazoo River. Substantive 
requirements of a NPDES permit 
must be attained.

STATE ACTION/LOCATION-SPECIFIC ARARs and TBCs (Continued)
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Regulation Citation Description ARAR/TBC Rationale

MCL 324.3109a Allows for mixing zone for discharge of venting 
groundwater. TBC

For any remedial alternative where 
waste is left in place, the mixing zone 
criteria shall not be less protective 
than for point source discharges.

MCL 324.3109b Defines when Part 31 remedial obligations are 
satisfied. TBC

For any remedial alternative meeting 
the requirements of Part 201, Part 31 
requirements are satisfied.

MCL 324.3108 Prohibits filling or grading of a floodplain, unless 
permitted by the state. ARAR

For alternatives involving excavation 
below the 100-year flood elevation, 
Substantive requirements of a permit 
must be satisfied.

MAC 323.1201-1221 
MAC 323.2101-2195

Establishes effluent standards in accordance with 
federal WPCA and CWA. ARAR

May be applicable for alternatives 
involving discharge of water to 
Kalamazoo River.

MCL 232.2204-2207

Establishes the rules regarding water and 
wastewater discharge provisions for the non-
degradation of groundwater quality, and uses of 
groundwater.

ARAR

May be applicable if remedial 
alternatives involve discharge of 
waters or waste to groundwater or the 
ground.

Michigan Public Act 
451, Part 31 – 
Floodplains and 
Floodways

MAC 323.1311-1329 Regulates activities to occupy, fill, or grade lands in 
a floodplain, streambed, or channel of a stream. ARAR

WB/A-Site OU lies, in part, within the 
100-year floodplain. Substantive 
requirements would need to be met 
for certain remedial activities.

Michigan Public Act 
451, Part 31 - Water 
Resources Protection 
(Continued)

STATE ACTION/LOCATION-SPECIFIC ARARs and TBCs (Continued)
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Regulation Citation Description ARAR/TBC Rationale

Michigan Public Act 
451, Part 111-
Hazardous Waste 
Management

MCL 324.11101-11153
MAC 299.9101 -11107

Establishes requirements for hazardous waste 
generators, transporters, and 
treatment/storage/disposal facilities.

TBC

WB/A-Site OU is not a TSD facility or 
a generator although certain portions 
of the regulations may be useful as a 
means of determining proper 
methods of handling/ transportation. 
Response activities may generate 
waste residuals that may be classified 
as hazardous waste. Used for 
characterizing and identifying 
hazardous wastes and determining 
appropriate treatment and disposal.

MCL 324 11501-11504
MCL 324.11507 
MCL 324.11540 
MAC 299.4101-4106a
MAC 299.4301 (3)(d)

Establishes rules for methods of solid waste 
disposal and for design/operational standards for 
disposal areas. Describes where Type III Landfill 
standards apply.

ARAR

By statute, material at Willow 
boulevard is “solid waste” and the OU 
is a “disposal area.” By rule, the OU is 
a “Sanitary Landfill, Type III” to which 
Type III standards apply.

MAC 299.4304 Type III final cover design to minimize erosion and 
infiltration to protect public health. ARAR

Considering Type III standards apply 
to WB/A-Site OU, cover design 
requirements must be met.

MAC 299.4305
MAC 299.4307
MAC 299.4308

Landfill location restrictions and liner design 
standards. TBC Not applicable because the WB/A-

Site OU is not a new disposal area. 

STATE ACTION/LOCATION-SPECIFIC ARARs and TBCs (Continued)

Michigan Public Act 
451,
Part 115- Solid Waste 
Management
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Regulation Citation Description ARAR/TBC Rationale

MAC 299.4306 Water quality performance standards. ARAR

The landfill design must ensure that 
all requirements for the protection of 
surface and groundwater under Part 
31 (and rules) are met. For example, 
if the final cover is undermined by a 
100-year flood event, this requirement 
would not be met. A design that 
prevents the final cover from being 
inundated is capable of limiting 
erosion and infiltration to the extent 
necessary to protect human health 
and the environment.

MAC 299.4310

For landfills that do not have a liner or a leachate 
collection system, The minimum required 
permanent clearance between waste and 
groundwater is 4 feet.

ARAR

The landfill does not currently have a 
liner or leachate collection system. 
The separation between waste and 
groundwater is applicable unless (1) a 
leachate collection system is installed 
(2) a gravity collection system is 
installed, or (3) a variance is 
approved by the MDEQ.

MAC 299.4318 Type III landfill groundwater monitoring 
requirements. ARAR

Substantive requirements must be 
met by any Remedial Action that 
leaves contaminants in place.

MAC 299.4905-4908 Requirements of a hydrogeologic monitoring plan 
and monitoring network and associated sampling. ARAR

Substantive requirements must be 
met by documents submitted during 
Remedial Design and implemented 
through Remedial Action.

STATE ACTION/LOCATION-SPECIFIC ARARs and TBCs (Continued)

Michigan Public Act 
451, Part 115- Solid 
Waste Management 
(Continued)
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DRAFT FOR FEDERAL AND STATE REVIEW 

Table 3-1 -- Compliance with Federal and State ARARs and TBCs

Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Landfill Operable Unit 2
Final Remedial Design Report

Regulation Citation Description ARAR/TBC Rationale

MAC 299.4912 Requirements for natural soil barriers. TBC

Natural soil barriers (or augments) 
may be evaluated by the 
specifications in this rule to help 
determine if the barriers are adequate 
to prevent lateral flow of groundwater 
or leachate into and out of the waste.

MAC 299.4913
MAC 299.4915 Requirements for final cover materials. ARAR Covers must meet the specifications 

in the rules.

MAC 299.4916-4921 Construction Quality Control Program ARAR

Substantive portions of construction 
quality control must be met in 
Remedial Design and Remedial 
Action.

Michigan 
Occupational Safety 
and Health Act, Act 
154 of 1974

MAC 408.10001, et. 
seq. 

Establishes the rules for safety standards in the 
workplace. ARAR

Onsite remedial actions have the 
potential to expose workers to 
contaminants. Construction, 
excavation and other actions may 
present potential health hazards to 
workers. Human labor could 
construct remedial systems and 
provide long-term maintenance on 
the systems. Such activities are 
governed by worker safety and health 
standards under this act and are 
applicable to all site actions and 
activities.

Michigan Public Act 
451, Part 115- Solid 
Waste Management 
(Continued)

STATE ACTION/LOCATION-SPECIFIC ARARs and TBCs (Continued)
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DRAFT FOR FEDERAL AND STATE REVIEW 

Table 3-1 -- Compliance with Federal and State ARARs and TBCs

Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Landfill Operable Unit 2
Final Remedial Design Report

Regulation Citation Description ARAR/TBC Rationale

Michigan Public Act 
451, Part 55 - Air 
Pollution Control

MAC 336.1101-2706

Establishes rules prohibiting the emission of air 
contaminants in quantities which cause injurious 
effects to human health, animal life, plant life or 
significant economic value, and/or property.

ARAR

Applicable for remedial alternatives 
that would generate air emissions 
(e.g., dust, during excavation, soil 
stabilization, or compaction). For 
certain remedial alternatives, air 
emissions must comply with 
substantive requirements of permits 
and monitoring would be required.

Michigan Public Act 
300 of 1949, as 
amended. Michigan 
Vehicle Code

MCL 257.716, 257.722, 
et seq
MAC 257.101, et seq

Rules governing the reduction of maximum axle 
loads during springtime frost periods. ARAR

Remedial action and construction 
may require heavy loads of 
equipment, fill dirt, contaminated 
media, etc. to be transported over 
roadways; however, this is not 
allowed during frost periods.

STATE ACTION/LOCATION-SPECIFIC ARARs and TBCs (Continued)
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DRAFT FOR FEDERAL AND STATE REVIEW 

Table 3-1 -- Compliance with Federal and State ARARs and TBCs

Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Landfill Operable Unit 2
Final Remedial Design Report

Regulation Citation Description ARAR/TBC Rationale

Noise
Chapter 21 – Code of 
the City of Kalamazoo 
(Sec. 6.6B)

Secures/promotes the public health, comfort, 
convenience, safety, and welfare of City residents; 
promotes peace & quiet.

ARAR

Construction activities may involve 
machinery that may exceed noise 
limits for private property without 
special considerations.

Soil Erosion and 
Sedimentation Control

Chapter 30 – Code of 
the City of Kalamazoo

Control soil erosion and sedimentation with respect 
to earth change activities within the City. ARAR

For any remedial action involving an 
earth change, liable parties must 
implement and maintain soil erosion 
and sedimentation control measures. 
Substantive requirements of permit 
must be satisfied.

City of Kalamazoo 
Performance 
Standards for 
Groundwater 
Protection within 
Wellhead Protection 
Capture Zones and 
Stormwater Quality 
Management

--

Defines technical standards for site development 
that facilities located within the Capture Zones are 
required to attain for drinking water source 
protection and to protect surface water quality by 
establishing acceptable stormwater quality 
management strategies throughout the City. 
Includes best management practices.

ARAR
The WB/A-Site OU is within one of 
the City’s 5-year time-of-travel 
capture zones for a well field.

Drinking Water Well 
Installation

Chapter 19b, Chapter 
24b, Chapter 25b, 
Kalamazoo County 
Sanitary Code

Prohibits certain uses of groundwater from wells at 
properties located in the vicinity of such sites that 
are the source, or location, of Contaminated 
Groundwater, or where there is a known threat from 
Contaminated Groundwater.

ARAR

The WB/A-Site OU is within a 
restricted zone, prohibiting any 
drinking well installation within the 
area.

LOCAL
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DRAFT FOR FEDERAL AND STATE REVIEW 

Table 3-1 -- Compliance with Federal and State ARARs and TBCs

Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Landfill Operable Unit 2
Final Remedial Design Report

Regulation Citation Description ARAR/TBC Rationale

Groundwater Sites of 
Concern, Kalamazoo 
Township, City of 
Kalamazoo, City of 
Parchment, 
Kalamazoo County, 
Michigan

-- Location of Restricted zones referred to in 
Kalamazoo County Sanitary Code, Chapter 19b ARAR

The WB/S-Site OU is within a 
restricted zone, prohibiting any 
drinking well installation within the 
area.

Notes:
ARAR - Applicable or Relevant and Appropriate Requirements
CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act
CFR – Code of Federal Regulations
CWA – Clean Water Act
GSI – groundwater surface water interface
MAC - Michigan Association of Counties
MCL - Michigan Compiled Laws
MDEQ – Michigan Department of Environmental Quality
mg/kg – milligrams per kilogram
NAAQS - National Ambient Air Quality Standards
NPDES - National Pollutant Discharge Elimination System
NRWQC - National Recommended Water Quality Criteria 
OSWER - Office of Solid Waste and Emergency Response 
OU – operable unit
PCBs – polychlorinated biphenyls
POTW - Publicly Owned Treatment Works
RCRA - Resource Conservation and Recovery Act
TBC – to be considered
TSCA - Toxic Substances Control Act
USC - United States Federal Code

LOCAL (Continued)
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DRAFT FOR FEDERAL AND STATE REVIEW 

Table 3-1 -- Compliance with Federal and State ARARs and TBCs

Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Landfill Operable Unit 2
Final Remedial Design Report

Notes (con't):
USEPA – United States Environmental Protection Agency
USDOT – United States Department of Transportation
ug/L - micrograms per liter
WB/A-Site OU - Willow Boulevard/A-Site Operable Unit
WPCA - Water Pollution Control Act
WQBELs - water quality-based effluent limits 
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Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
Pre-Design Process
Effective Date of Consent Decree
USEPA review and approval of proposed Supervising Contractor
Preparation and submittal of Draft Design Work Plan1

Review of Draft Remedial Design Work Plan by USEPA
Preparation and submittal of Final Remedial Design Work Plan
Pre-design Sampling

Design Process
Prepare Preliminary Design Documents
Review of Preliminary Design Documents by USEPA
Prepare Pre-Final Design Documents
Review of Pre-Final Design Documents by USEPA
Prepare Final Design Documents and Initial O&M Plan
Review of Final Design Documents and Initial O&M Plan by USEPA
USEPA Approval of Remedial Design
Prepare Remedial Action Work Plan and HASP
Review of Remedial Action Work Plan and HASP by USEPA
Notice to Proceed with Remedial Action 
Negotiate Access Agreements
Procurement Period

Implementation
Pre-Construction Inspection and Meeting
Start of Implementation

Notes:
1.  Submittal of Design Work Plan included Health and Safety Plan, Field Sampling Plan, 

Quality Assurance Project Plan, and appropriate OU-specific addenda.
2.  Implementation and O&M activities not included on this schedule.
3.  All USEPA review times are estimated.

Legend:
= ARCADIS Pre-Design Work
= USEPA Review Time
= ARCADIS Design Work

2011 - Q1 2011 - Q22009 - Q3 2009 - Q4 2010 - Q1 2010 - Q2 2010 - Q3 2010 - Q4

GEORGIA-PACIFIC LLC
ALLIED PAPER, INC./PORTAGE CREEK/
KALAMAZOO RIVER SUPERFUND SITE

9/30
10/9

Submitted 11/7

Submitted 03/10

SUMMARIZED REMEDIAL DESIGN 
SCHEDULE

7-1

Submitted 07/10
Formal Comments Received 10/10

Submitted 12/10
Formal Comments Received 01/11

03/11
04/11

05/11

03/11

05/11
05/11

FIGURE

FINAL DESIGN REPORT
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05/11
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Willow Boulevard Landfill Construction
Removal of Indiana Bat Habitat Trees
Mobilization
Assessment of Existing Access Roads and Bridges
Site Preparation 
Clearing and Grubbing
Excavation, Grading, and Bank Stabilization
Cap Installation
Restoration  
Demobilzation

WINTER BREAK

A-Site Landfill Construction
2012 Mobilization
Site Preparation
Clearing and Grubbing
Excavation, Grading, and Bank Stabilization
Cap Installation
Restoration
2012 Demobilization
2013 Mobilization
Lowering of Steel Sheet Pile Wall
Final Demobilization

Completion of RA
 

Notes:
1. Project administration, Environmental Monitoring, and Water Treatment are assumed 

to continue throughout duration of the project except during the winter break.

Legend: 
= Willow Boulevard item
 = A-Site item 
 = Winter Break

2012 - Q12011 - Q1 2013 - Q2 2013 - Q3 2013 - Q42012 - Q2 2012 - Q3 2012 - Q4 2013 - Q12011 - Q2 2011 - Q3 2011 - Q4

Oct. 2013

SUMMARIZED CONSTRUCTION 
SCHEDULE

7-2
FIGURE

FINAL DESIGN REPORT
WILLOW BOULEVARD/A-SITE LANDFILL OU2

GEORGIA-PACIFIC LLC
ALLIED PAPER, INC./PORTAGE CREEK/
KALAMAZOO RIVER SUPERFUND SITE
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Appendix A

Existing Data



Appendix A-1

Data from RI/FFS Report



Reference
Well Elevation1 10/30/2000 11/1/2000 11/3/2000 11/6/2000 11/8/2000 11/10/2000 11/18/2000 12/21/2000

Willow Boulevard Site
WMW-1 763.78 758.23 758.30 NA2 NA2 NA2 NA2 NA2 755.98
WMW-1A 764.41 757.84 757.78 757.81 757.59 757.61 758.13 758.68 758.20
WMW-2 766.16 756.43 756.41 756.31 756.13 756.30 756.56 757.23 NA3

WMW-3 769.16 755.36 755.33 755.30 755.20 755.29 755.58 756.23 755.95
WMW-3A 771.19 756.27 756.22 756.13 755.97 756.16 756.52 757.17 756.74
WMW-3AR 770.60 755.85 755.81 755.72 755.57 755.76 756.11 756.75 756.364

WMW-4A 774.54 756.32 756.28 756.17 755.96 756.03 756.15 757.16 756.84
WMW-4B5 774.61 756.11 756.05 756.01 755.87 755.99 756.29 756.99 756.61
A-Site
AMW-15 773.45 NA 757.03 756.97 757.01 756.98 757.26 757.73 757.42
AMW-2 772.37 756.06 756.05 756.03 755.90 755.96 756.25 756.71 756.42
AMW-3 769.06 759.62 759.59 759.56 759.54 759.59 760.01 759.99 759.74
AMW-3A11 765.54 NA 759.86 759.83 759.79 759.85 760.29 760.27 759.974

AMW-4 772.42 756.85 756.82 756.77 756.70 756.77 757.07 757.50 757.294

AMW-55 775.13 NA 757.09 757.04 756.96 757.03 757.31 757.71 757.42
AMW-6A11 774.13 757.18 756.93 757.23 756.88 756.78 757.33 757.78 758.13
AMW-6B 773.99 756.19 756.20 756.17 756.06 756.11 756.36 756.93 756.61
AMW-6P 774.16 766.52 766.67 766.56 766.43 766.42 767.03 767.46 766.79
AMW-7A5 778.54 757.33 757.27 757.21 757.14 757.27 757.47 757.94 757.62
AMW-7B5 777.52 757.00 756.94 756.93 756.87 756.99 757.22 757.65 757.37
AMW-7P 779.51 769.07 769.24 769.20 769.10 769.14 769.25 770.56 770.70
AMW-8A11 783.36 757.50 757.48 757.41 757.37 757.40 757.66 758.11 757.85
AMW-8B5 782.82 757.37 757.34 757.25 757.23 757.34 757.54 757.97 757.70
AMW-9A5 783.67 758.45 758.37 758.31 758.29 758.31 758.65 759.09 NA6

AMW-9B5 783.95 758.42 758.33 758.28 758.25 758.27 758.60 759.08 758.64
AMW-9P5 783.48 774.61 774.28 773.89 774.23 773.98 773.92 774.12 773.99
AMW-10A11 787.57 759.72 759.07 758.97 759.27 758.92 759.87 759.82 760.57
AMW-10B11 787.99 758.59 758.56 758.48 758.43 758.46 758.92 759.23 758.71
AMW-10P 787.67 780.20 780.07 779.94 779.89 779.82 780.05 779.82 779.57

(See Notes on Page 2)

Measurement Date

TABLE 3-2

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

2000 GROUNDWATER/SURFACE WATER ELEVATIONS (ft amsl)

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY

Page 2 of 50



Reference
Well Elevation1 10/30/2000 11/1/2000 11/3/2000 11/6/2000 11/8/2000 11/10/2000 11/18/2000 12/21/2000

Measurement Date

TABLE 3-2

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

2000 GROUNDWATER/SURFACE WATER ELEVATIONS (ft amsl)

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY

P-1D5,7 774.41 NA NA NA NA NA NA NA 763.37
P-1RS 769.93 Dry Dry Dry Dry Dry Dry Dry Dry
P-2D 775.43 760.46 760.47 760.47 760.46 760.49 760.56 760.49 760.82
P-2RS 773.14 759.67 759.67 759.66 759.66 759.76 759.75 759.74 759.53
P-3D 772.37 760.73 760.72 760.72 760.75 760.75 760.82 760.76 760.71
P-3RS 771.24 Dry Dry Dry Dry Dry Dry Dry Dry
P-4WT 762.19 757.79 757.75 757.68 757.61 757.65 758.07 758.35 758.09
P-5WT8 NA NA NA NA NA NA NA NA NA
Kalamazoo River Staff Gauges
SG-19 758.55 756.43 756.24 756.44 756.43 756.45 756.59 756.59 756.914

SG-29 757.97 755.35 755.16 755.35 755.10 755.38 755.63 755.63 NA10

Notes:
1Elevation of the top of the well's inner casing was used as reference.
2Well not fully recovered from development.
3Could not locate monitoring well.
4Measured on 12/26/00.
5Well reference elevation was resurveyed by Atwell-Hicks on 11/7/00.
6Monitoring well lock frozen.
7Well appears to have been damaged during site activities.
8Could not locate piezometer.
9River gauges were relocated and resurveyed by Atwell-Hicks on 11/7/00.
10River's surface was frozen at time of measurement.
11Well reference elevation was resurveyed by Blasland, Bouck & Lee, Inc. on 12/20/00.
amsl - Above mean sea level
NA - Measurement was not taken.
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Well
Screen Water Level Vertical Water Level Vertical Water Level Vertical

Well Midpoint1 Elevation2 Gradient3 Elevation2 Gradient3 Elevation2 Gradient3

Willow Boulevard Site
WMW-1A 758.04 758.06 758.04
WMW-1 6.0 758.02 3.3E-03 758.05 1.7E-03 758.01 5.0E-03
WMW-3A 756.51 756.54 756.49
WMW-3 12.0 755.94 4.7E-02 755.96 4.8E-02 755.92 4.8E-02
WMW-4A 756.55 756.46 756.43
WMW-4B 10.0 756.31 2.4E-02 756.34 1.2E-02 756.44 -1.0E-03
A-Site
AMW-3A 759.85 759.92 759.92
AMW-3 7.50 759.86 -1.3E-03 759.91 1.3E-03 759.94 -2.7E-03
AMW-6A 756.59 756.61 757.63
AMW-6B 9.60 756.30 3.0E-02 756.33 2.9E-02 756.24 1.4E-01
AMW-7A 756.83 756.86 756.70
AMW-7B 6.50 755.98 1.3E-01 757.02 -2.5E-02 756.93 -3.5E-02
AMW-8A 757.32 757.35 757.29
AMW-8B 5.00 757.31 2.0E-03 757.37 -4.0E-03 757.27 4.0E-03
AMW-9A 758.46 758.49 758.42
AMW-9B 11.00 758.41 4.5E-03 758.48 9.1E-04 758.38 3.6E-03
AMW-10A 759.46 759.62 759.51
AMW-10B 10.00 758.72 7.4E-02 759.45 1.7E-02 758.78 7.3E-02

Notes:
1The distance of separation in feet of the midpoints of the screened intervals.
2Elevation in units of feet above mean sea level.
3A negative value indicates an upward vertical gradient, and a positive value indicates a downward vertica
  gradient.
NA - Not available

October 8, 1993 October 11, 1993 December 15, 1993

1993 VERTICAL GROUNDWATER FLOW GRADIENTS

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY

TABLE 3-3A

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

Page 4 of 50



Well
Screen Water Level Vertical Water Level Vertical Water Level Vertical Water Level Vertical

Well Midpoint1 Elevation2 Gradient3 Elevation2 Gradient3 Elevation2 Gradient3 Elevation2 Gradient3

Willow Boulevard Site
WMW-1A NA NA 757.00 756.97
WMW-1 6.0 NA NA 756.98 3.3E-03 756.95 3.3E-03
WMW-3A NA NA 755.57 755.40
WMW-3 12.0 NA NA 755.03 4.5E-02 753.84 1.3E-01
WMW-4A NA NA 755.44 755.36
WMW-4B 10.0 NA NA 755.39 5.0E-03 755.22 1.4E-02
A-Site
AMW-3A NA NA NA 759.56
AMW-3 7.50 NA NA NA 759.58 -2.7E-03
AMW-6A NA 756.21 755.57 755.32
AMW-6B 9.60 NA 756.05 1.7E-02 755.42 1.6E-02 755.17 1.6E-02
AMW-7A NA NA NA 755.88
AMW-7B 6.50 NA NA NA 755.98 -1.5E-02
AMW-8A NA 757.08 756.64 757.34
AMW-8B 5.00 NA 757.04 8.0E-03 756.60 8.0E-03 756.40 1.9E-01
AMW-10A 766.10 760.96 759.96 757.33
AMW-10B 10.00 758.29 7.8E-01 758.33 2.6E-01 758.15 1.8E-01 758.12 -7.9E-02

Notes:
1The distance of separation in feet of the midpoints of the screened intervals.
2Elevation in units of feet above mean sea level.
3A negative value indicates an upward vertical gradient, and a positive value indicates a downward vertical gradient.
A gradient was not calculated for AMW-9A/9B because an elevation could not be measured in AMW-9B due to 
a damaged protective casing.
NA - Not available

1995 VERTICAL GROUNDWATER FLOW GRADIENTS

August 16, 1995 August 24, 1995 August 29, 1995 August 30, 1995

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY

TABLE 3-3B

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT
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Well
Screen Water Level Vertical Water Level Vertical Water Level Vertical Water Level Vertical

Well Midpoint1 Elevation2 Gradient3 Elevation2 Gradient3 Elevation2 Gradient3 Elevation2 Gradient3

Willow Boulevard Site
WMW-1A 757.84 757.78 757.81 757.59
WMW-1 6.0 758.23 -6.5E-02 758.30 -8.7E-02 NA NA NA NA
WMW-3AR 755.85 755.81 755.72 755.57
WMW-3 9.5 755.36 5.2E-02 755.33 5.1E-02 755.30 4.4E-02 755.20 3.9E-02
WMW-4A 756.32 756.28 756.17 755.96
WMW-4B 10.0 756.11 2.1E-02 756.05 2.3E-02 756.01 1.6E-02 755.87 9.0E-03
A-Site
AMW-3A NA 759.86 759.83 759.79
AMW-3 7.50 759.62 NA 759.59 3.6E-02 759.56 3.6E-02 759.54 3.3E-02
AMW-6A 757.18 756.93 757.23 756.88
AMW-6B 9.60 756.19 1.0E-01 756.20 7.6E-02 756.17 1.1E-01 756.06 8.5E-02
AMW-7A 757.33 757.27 757.21 757.14
AMW-7B 6.50 757.00 5.1E-02 756.94 5.1E-02 756.93 4.3E-02 756.87 4.2E-02
AMW-8A 757.50 757.48 757.41 757.37
AMW-8B 5.00 757.37 2.6E-02 757.34 2.8E-02 757.25 3.2E-02 757.23 2.8E-02
AMW-9A 758.45 758.37 758.31 758.29
AMW-9B 11.00 758.42 2.7E-03 758.33 3.6E-03 758.28 2.7E-03 758.25 3.6E-03
AMW-10A 759.72 759.07 758.97 759.27
AMW-10B 10.00 758.59 1.1E-01 758.56 5.1E-02 758.48 4.9E-02 758.43 8.4E-02

(See Notes on Page 2)

November 3, 2000 November 6, 2000

2000 VERTICAL GROUNDWATER FLOW GRADIENTS

October 30, 2000 November 1, 2000

TABLE 3-3C

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT
REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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2000 VERTICAL GROUNDWATER FLOW GRADIENTS

TABLE 3-3C

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT
REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY

Well
Screen Water Level Vertical Water Level Vertical Water Level Vertical Water Level Vertical

Well Midpoint1 Elevation2 Gradient3 Elevation2 Gradient3 Elevation2 Gradient3 Elevation2 Gradient3

Willow Boulevard Site
WMW-1A 757.61 758.13 758.68 758.20
WMW-1 6.0 NA NA NA NA NA NA 755.98 3.7E-01
WMW-3AR 755.76 756.11 756.75 756.36
WMW-3 9.5 755.29 4.9E-02 755.58 5.6E-02 756.23 5.5E-02 755.95 4.3E-02
WMW-4A 756.03 756.15 757.16 756.84
WMW-4B 10.0 755.99 4.0E-03 756.29 -1.4E-02 756.99 1.7E-02 756.61 2.3E-02
A-Site
AMW-3A 759.85 760.29 760.27 759.97
AMW-3 7.50 759.59 3.5E-02 760.01 3.7E-02 759.99 3.7E-02 759.74 3.1E-02
AMW-6A 756.78 757.33 757.78 758.13
AMW-6B 9.60 756.11 7.0E-02 756.36 1.0E-01 756.93 8.9E-02 756.61 1.6E-01
AMW-7A 757.27 757.47 757.94 757.62
AMW-7B 6.50 756.99 4.3E-02 757.22 3.8E-02 757.65 4.5E-02 757.37 3.8E-02
AMW-8A 757.40 757.66 758.11 757.85
AMW-8B 5.00 757.34 1.2E-02 757.54 2.4E-02 757.97 2.8E-02 757.70 3.0E-02
AMW-9A 758.31 758.65 759.09 NA
AMW-9B 11.00 758.27 3.6E-03 758.60 4.5E-03 759.08 9.1E-04 758.64 NA
AMW-10A 758.92 759.87 759.82 760.57
AMW-10B 10.00 758.46 4.6E-02 758.92 9.5E-02 759.23 5.9E-02 758.71 1.9E-01

Notes:
1The distance of separation in feet of the midpoints of the screened intervals.
2Elevation in units of feet above mean sea level.
3A negative value indicates an upward vertical gradient, and a positive value indicates a downward vertical gradient.
NA - Not available

November 8, 2000 December 21, 2000November 18, 2000November 10, 2000
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Range of Arithmetic
Frequency of Concentrations Mean1 95% LCL2 95% UCL2

Compound Detection (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Willow Boulevard Site4

Total PCB 8 / 9 ND - 270 68 24 110 -- 16J [7]5

A-Site6

Total PCB 13 / 17 ND - 14 1.8 ND 3.8 -- 16J

AMW-3A Area7

Total PCB 12 / 19 ND - 5.9 1.5 0.66 2.4 -- 16J

Area East of Davis Creek8

Total PCB 14 / 16 ND - 36 4.6 ND 9.5 4J [4]9

Residential Areas10

Total PCB 3 / 27 ND - 1.5 0.10 ND 0.21 4J --

Notes:
(1)  One-half the detection limit was used as a proxy concentration for nondetects in the calculation of the arithmetic mean PCB concentration.

(4)  Includes results from borings WMW-3A (one duplicate), WMW-4B, WB-1, WB-2, WB-3 (two samples), WB-4, and WB-5 (2 samples [one duplicate]).

(9)  Soil/residual samples which exceeded the criterion include samples from boring locations EDC-1, EDC-4, EDC-5, and EDC-6.

(11)  From Final (Revised) Baseline Ecological Risk Assessment (CDM April 2003). Derived value for PCB in surface soil and floodplain sediment for protection of 

DCC - Direct contact criteria
ND - Not detected
--        Residential criteria are not applicable to industrial property (and vice versa).

Criterion Note:
(J)     Hazardous substance may be present in several isomer forms.  Isomer-specific concentrations are added together for comparison to criteria.

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY

(6)  Includes results from borings AMW-6B, AMW-7B, AMW-8B, AMW-9B, AMW-10B, ARS-1 (two samples [one duplicate]), FLA-SB-24, OCU (one duplicate), OCM, ARS-2 (two samples), ARS-3 (two samples), AS-1, AS-2, and AS-3.

Act 451 Part 201 Generic Cleanup Criteria3

SUMMARY OF PCB CONCENTRATIONS AND CLEANUP CRITERIA
SURFICIAL SAMPLES

Human Health12Ecological Criteria11

Recommended Residential & Commercial I
DCC Value (mg/kg)

TABLE 4-1A

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

Industrial & Commercial II
DCC Value (mg/kg) Criteria (mg/kg)

Carnivorous
Mammals (mg/kg)

0.04 to 0.3

0.04 to 0.3

0.04 to 0.3

0.04 to 0.3

ecological receptors, specifically piscivorous consumers such as Mink, carnivorous mammals such as Red fox, and ominivorous songbirds such as American robin.

AMW-3A-1, AMW-3A-2, and AMW-3A-3.

SB-ADKINS-2, SB-ADKINS-3, SB-ADKINS-4, SB-ADKINS-5, SB-ADKINS-6, SB-ADKINS-7, SB-ADKINS-8, SB-ADKINS-9, B-1 (two samples), B-2 (two samples) B-3 (two samples), TP-1 and TP-10.

(8)  Includes results from borings EDC-1 (two samples), EDC-2 (two samples), EDC-3 (two samples), EDC-4 (two samples), EDC-5 (two samples), EDC-6 (two samples), EDC-7 (two samples [one duplicate]), and EDC-8 (two samples).

(10)  Includes results from borings WBAS-1, WBAS-2, WBAS-3, SB-3A-201, SB-3A-204, SB-3A-207, SB-3A-209, SB-3A-210, SB-3A-211, SB-3A-212, SB-ADKINS-1, 

(7)  Includes results from borings SB-3A-101, SB-3A-102, SB-3A-103, SB-3A-104, SB-3A-105, SB-3A-106 (two samples), SB-3A-107 (three samples), SB-3A-202, SB-3A-203, SB-3A-205, SB-3A-206 (one duplicate), SB-3A-208, SB-3A-213, 

5.9

5.9

5.9 0.04 to 0.3

(2)  95% lower confidence limit (LCL) and 95% upper confidence limit (UCL) were calculated as outlined in the MDEQ Guidance Document Verification of Soil Remediation (MDEQ, 1994).  One-half the detection limit was used as a proxy concentration 

(3)  From MDEQ, Part 201 Generic Criteria Tables, December 21, 2002.  Generic values are presented here as default values.  The number in brackets represents the number of sample detections exceeding the criterion.

(5)  Soil/residual samples which exceeded the criterion include samples from boring locations WMW-3A (one duplicate), WMW-4B, WB-3 (two samples), WB-4, and WB-5 (2 samples [one duplicate]).

for nondetects in the calculation of the UCL and LCL.  When the 95% UCL exceeded the maximum detected concentration, the maximum was used. 

5.9

Ecological Criteria11

Piscivorous
Consumers (mg/kg)

0.5

Ecological Criteria11
Omnivorous

Songbirds (mg/kg)

6.5

(12) From Final (Revised) Human Health Risk Assessment (CDM April 2003). Derived value for PCB in sediment for diet consisting of Bass/Carp; default to Part 201 MDL (0.33 mg/kg).

6.5

6.5

6.5

6.5

0.5

0.5

0.5

0.5

5.9
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Range of Arithmetic
Frequency of Concentrations Mean1 95% LCL2 95% UCL2

Compound Detection (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Willow Boulevard Site4

Total PCB 38 / 42 ND - 160 34 22 45 -- 16J [25]5

A-Site6

Total PCB 58 / 73 ND - 330 32 18 46 -- 16J [25]7

AMW-3A Area8

Total PCB 35 / 48 ND - 62 4.7 1.0 8.4 -- 16J [3]9

Residential Areas10

Total PCB 6 / 55 ND - 1.0 0.073 0.036 0.11 4.0J --

Notes:
(1)     One-half the detection limit was used as a proxy concentration for nondetects in the calculation of the arithmetic mean PCB concentration.

          concentration for nondetects in the calculation of the UCL and LCL.       
(3)     From MDEQ, Part 201 Generic Cleanup Criteria Tables, effective December 21, 2002.  The number in brackets represents the number of sample detections exceeding the criterion.
(4)     Includes results from borings WMW-1A (two samples), WMW-3A (six samples [two duplicates]), WMW-4A (two samples), WMW-4B (three samples),
          WB-1 (six samples), WB-2 (five samples), WB-3 (three samples [two duplicates]), WB-4 (four samples), WB-5 (three samples), DWA-SB-14 (two samples), DWA-SB-26 (two samples), DWA-SB-38 (two samples), 
          and DWA-SB-51 (two samples).         
(5)    Soil/residual samples which exceeded the criterion include samples from boring locations WB-1 (five samples), WB-2 (one sample), WB-3 (two samples [one duplicate]), WB-4 (three samples), WB-5 (one sample), WMW-3A 
        (five samples [one duplicate]), WMW-4A (one sample), WMW-4B (three samples), DWA-SB-14 (one sample), DWA-SB-26 (one sample), DWA-SB-38 (one sample), and DWA-SB-51 (one sample).   
(6)     Includes results from borings AMW-6B (five samples), AMW-7B (six samples [three duplicates]), AMW-8B (six samples), AMW-9B (six samples), AMW-10B (six samples), AS-1 (six samples), AS-2 (six samples), AS-3 (six samples), P-1D, 
          P-2D, P-3D (one duplicate), P-4WT, P-5WT, ARS-1, ARS-2, ARS-3, FLA-SB-1, FLA-SB-5, FLA-SB-7 (two samples), FLA-SB-8, FLA-SB-11, FLA-SB-12 (two samples), FLA-SB-13, FLA-SB-16, FLA-SB-18 (two samples), FLA-SB-19,        
          FLA-SB-22 (one duplicate), FLA-SB-24, FLA-SB-25, DWA/FLA-SB-3, and DWA/FLA-SB-4.
(7)    Soil/residual samples which exceeded the criterion include samples from boring locations AMW-6B (two samples), AMW-7B (three samples [one duplicate]), AMW-8B (three samples), AMW-9B (three samples), AMW-10B (two samples), 
         ARS-1 (four samples), ARS-2 (four samples), ARS-3 (one sample), FLA-SB-7 (one sample), FLA-SB-12 (one sample), and FLA-SB-18 (one sample).        
(8)    Includes results from borings SB-3A-101 (three samples), SB-3A-102 (two samples), SB-3A-103 (two samples), SB-3A-104 (four samples), SB-3A-105, SB-3A-202 (three samples), SB-3A-203 (four samples), SB-3A-205 (two samples), 
          SB-3A-206 (two samples), SB-3A-208 (three samples), SB-3A-213 (two samples [one duplicate]), AMW-3A-1 (four samples), AMW-3A-2 (five samples), AMW-3A-2R (two samples), AMW-3A (two samples),         
          and AMW-3A-3 (seven samples).
(9)    Soil/residual samples which exceeded the criterion include samples from boring locations AMW-3A (one sample), AMW-3A-2 (one sample), and SB-3A-102 (one sample). 
(10)  Includes results from borings SB-3A-201 (three samples), SB-3A-204 (two samples), SB-3A-207 (two samples), SB-3A-209 (two samples), SB-3A-210 (two samples), SB-3A-211 (two samples), SB-3A-212 (two samples), SB-ADKINS-1 
         (three samples), SB-ADKINS-2 (four samples), SB-ADKINS-3 (four samples), SB-ADKINS-4 (four samples [two duplicates]), SB-ADKINS-5 (five samples), SB-ADKINS-6 (four samples [one duplicate]), SB-ADKINS-7 (three samples),        
          SB-ADKINS-8 (three samples), SB-ADKINS-9 (three samples [one duplicate]), B-1 (two samples), B-2, TP-1, TP-12, TP-13, and TP-15.
(11)  From Final (Revised) Baseline Ecological Risk Assessment (CDM April 2003). Derived value for PCB in surface soil and floodplain sediment for protection of ecological receptors, specifically piscivorous consumers such as Mink, 

DCC - Direct contact criteria
ND - Not detected
--        Residential criteria are not applicable to industrial property (and vice versa).

Criterion Note:
(J)     Hazardous substance may be present in several isomer forms.  Isomer-specific concentrations are added together for comparison to criteria.

carnivorous mammals such as Red fox, and ominivorous songbirds such as American robin.
(12) From Final (Revised) Human Health Risk Assessment (CDM April 2003). Derived value for PCB in sediment for diet consisting of Bass/Carp; default to Part 201 MDL (0.33 mg/kg).

TABLE 4-1B

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT
REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY

SUMMARY OF PCB CONCENTRATIONS AND CLEANUP CRITERIA
SUBSURFACE SAMPLES

(2)     95% lower confidence limit (LCL) and 95% upper confidence limit (UCL) were calculated as outlined in the MDEQ Guidance Document Verification of Soil Remediation (MDEQ, 1994).  One-half the detection limit was used as a proxy 

0.5 5.9 6.5 0.04 to 0.3

0.5 5.9 6.5 0.04 to 0.3

0.5 5.9 6.5 0.04 to 0.3

0.5 5.9 6.5 0.04 to 0.3

Consumers (mg/kg) Mammals (mg/kg) Songbirds (mg/kg) Criteria (mg/kg)
Piscivorous Carnivorous Omnivorous Recommended 

Ecological Criteria11 Ecological Criteria11 Ecological Criteria11 Human Health12Act 451 Part 201 Generic Cleanup Criteria 3

Residential & Commercial I
DCC Value (mg/kg)

Industrial & Commercial II
DCC Value (mg/kg)
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Sample Location SV-5 SV-10 SV-12 SV-19 SV-23 SV-26 SV-29 SV-36 SV-40 SV-45 SV-50
Sample ID W70357 W70362 W70364 W70371 W70375 W70378 W70381 W70388 W70392 W70397 W70402
Date Sampled 12/9/1999 12/9/1999 12/9/1999 12/10/1999 12/10/1999 1/5/2000 12/17/1999 1/4/2000 1/4/2000 1/4/2000 1/7/2000
Aroclor 1242 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) 0.73 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1254 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Total PCB ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) 0.73 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)

Sample Location SV-51 SV-53 SV-56 SV-57 SV-58 SV-603 SV-65 SSS-2 SSS-6 SSS-8
Sample ID W70403 W70405 W70408 W70409 W70410 W70412 W70417 W70419 W70423 W70425
Date Sampled 1/7/2000 1/7/2000 1/7/2000 1/7/2000 1/11/2000 1/11/2000 1/11/2000 1/13/2000 1/14/2000 1/18/2000
Aroclor 1242 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) 0.56 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1254 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) 0.43 0.53 ND(0.33 U) ND(0.33 U) ND(0.33 U)
Total PCB ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) 0.99 0.53 ND(0.33 U) ND(0.33 U) ND(0.33 U)

Notes:
(1)     Post-excavation soil samples were collected at the base of excavation, except for samples SSS-2, SSS-6, and SSS-8, 
          which are surficial soil samples. Samples were collected from excavated areas north and west of the Willow Boulevard Site.
(2)     Shows only the results for compounds detected above the quantitation limit.
(3)     Sample was collected during test-pitting activities.
ND - Not detected

Note Explaining Data Qualifier:
U - The compound was analyzed for but not detected.  The associated value is the compound quantitation limit.

ADJACENT TO THE WILLOW BOULEVARD SITE2 (mg/kg)

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER

TABLE 4-3

BBL POST-EXCAVATION SAMPLES1
SUMMARY OF PCB ANALYTICAL RESULTS

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SUPERFUND SITE

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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Sample Location WLF-13 WLF-23 WLF-33 WLF-43 WLF-5 WLF-6 WLF-7 WLF-8 WLF-9 WLF-10 WLF-11
Sample ID AC08845 AC08846 AC08847 AC08848 AC08849 AC08850 AC08851 AC08852 AC08853 AC08854 AC08855
Date Sampled 12/8/1999 12/8/1999 12/8/1999 12/9/1999 12/9/1999 12/9/1999 12/9/1999 12/9/1999 12/9/1999 12/9/1999 12/9/1999
Aroclor 1242 ND(0.055) 0.60 ND(0.062) 0.080 ND(0.066) 0.26 0.66 2.4 0.27 0.16 0.20
Aroclor 1254 ND(0.055) 0.62 0.11 0.24 ND(0.066) ND(0.083) ND(0.058) ND(0.18) ND(0.058) ND(0.062) ND(0.061)
Aroclor 1260 ND(0.055) ND(0.072) ND(0.062) ND(0.064) ND(0.066) ND(0.083) ND(0.058) ND(0.18) ND(0.058) ND(0.062) ND(0.061)
Total PCB ND(0.055) 1.2 0.11 0.32 ND(0.066) 0.26 0.66 2.4 0.27 0.16 0.20

Sample Location WLF-12 WLF-13 WLF-14 WLF-15 WLF-18 WLF-19 WLF-20 WLF-213 WLF-223 WLF-233 WLF-24
Sample ID AC08856 AC08857 AC08858 AC08859 AC08860 AC08861 AC08862 AC08863 AC08864 AC08865 AC08866
Date Sampled 12/9/1999 12/10/1999 12/10/1999 12/10/1999 12/10/1999 12/10/1999 12/10/1999 12/10/1999 12/11/1999 12/11/1999 12/11/1999
Aroclor 1242 0.096 1.4 0.34 1.2 0.38 0.67 0.27 2.3 0.60 1.5 0.63
Aroclor 1254 ND(0.063) 0.62 0.22 0.60 0.26 0.34 0.17 1.5 0.54 ND(0.13) ND(0.056)
Aroclor 1260 ND(0.063) ND(0.13) ND(0.062) ND(0.14) ND(0.061) ND(0.062) ND(0.064) 1.2 0.74 ND(0.13) ND(0.056)
Total PCB 0.096 2.0 0.56 1.8 0.64 1.0 0.44 5.0 1.9 1.5 0.63

Sample Location WLF-253 26 27 28 29 30 31 32 33 SS-34 SS-35
Sample ID AC08867 AC09027 AC09028 AC09029 AC09030 AC09031 AC09032 AC09033 AC09034 AD00071 AD00072
Date Sampled 12/11/1999 12/17/1999 12/17/1999 12/17/1999 12/17/1999 12/17/1999 12/17/1999 12/17/1999 12/17/1999 01/04/00 01/04/00
Aroclor 1242 0.50 ND(0.058) ND(0.057) ND(0.061) ND(0.055) ND(0.060) ND(0.059) ND(0.060) ND(0.057) ND(0.058) ND(0.061)
Aroclor 1254 ND(0.058) ND(0.058) ND(0.057) ND(0.061) ND(0.055) ND(0.060) ND(0.059) ND(0.060) ND(0.057) ND(0.058) 0.16
Aroclor 1260 ND(0.058) ND(0.058) ND(0.057) ND(0.061) ND(0.055) ND(0.060) ND(0.059) ND(0.060) ND(0.057) ND(0.058) ND(0.061)
Total PCB 0.50 ND(0.058) ND(0.057) ND(0.061) ND(0.055) ND(0.060) ND(0.059) ND(0.060) ND(0.057) ND(0.058) 0.16

Sample Location SS-36 SS-37 SS-38 SS-39 SS-40 SS-41 SS-42 SS-43 SS-44 SS-45 SS-46
Sample ID AD00073 AD00074 AD00075 AD00076 AD00077 AD00078 AD00079 AD00080 AD00081 AD00082 AD00083
Date Sampled 01/04/00 01/04/00 01/04/00 01/04/00 01/04/00 01/04/00 01/04/00 01/04/00 01/04/00 01/04/00 01/04/00
Aroclor 1242 0.16 1.2 1.5 ND(0.060) ND(0.062) ND(0.066) 0.18 ND(0.055) ND(0.063) ND(0.063) ND(0.057)
Aroclor 1254 0.10 0.66 1.2 ND(0.060) 0.12 ND(0.066) ND(0.065) ND(0.055) 0.089 ND(0.063) ND(0.057)
Aroclor 1260 ND(0.060) ND(0.14) ND(0.14) ND(0.060) ND(0.062) ND(0.066) 0.24 ND(0.055) ND(0.063) ND(0.063) ND(0.057)
Total PCB 0.26 1.9 2.7 ND(0.060) 0.12 ND(0.066) 0.42 ND(0.055) 0.089 ND(0.063) ND(0.057)

Sample Location SS-47 SS-48 SS-49 SS-50 SS-51 SS-52 SS-53 SS-54 SS-55 SS-56 SS-57
Sample ID AD00146 AD00147 AD00148 AD00149 AD00150 AD00151 AD00152 AD00153 AD00154 AD00155 AD00156
Date Sampled 01/07/00 01/07/00 01/07/00 01/07/00 01/07/00 01/07/00 01/07/00 01/07/00 01/07/00 01/07/00 01/07/00
Aroclor 1242 ND(0.057) ND(0.060) 0.15 ND(0.068) 0.17 ND(0.078) ND(0.063) ND(0.067) ND(0.061) ND(0.10) ND(0.086)
Aroclor 1254 ND(0.057) ND(0.060) 0.097 ND(0.068) 0.16 ND(0.078) ND(0.063) ND(0.067) ND(0.061) ND(0.10) ND(0.086)
Aroclor 1260 ND(0.057) ND(0.060) ND(0.059) ND(0.068) ND(0.060) ND(0.078) ND(0.063) ND(0.067) ND(0.061) ND(0.10) ND(0.086)
Total PCB ND(0.057) ND(0.060) 0.25 ND(0.068) 0.33 ND(0.078) ND(0.063) ND(0.067) ND(0.061) ND(0.10) ND(0.086)

See notes on page 2

ADJACENT TO THE WILLOW BOULEVARD SITE2 (mg/kg)

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER

TABLE 4-3A

MDEQ POST-EXCAVATION SAMPLES1
SUMMARY OF PCB ANALYTICAL RESULTS

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SUPERFUND SITE

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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ADJACENT TO THE WILLOW BOULEVARD SITE2 (mg/kg)

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER

TABLE 4-3A

MDEQ POST-EXCAVATION SAMPLES1
SUMMARY OF PCB ANALYTICAL RESULTS

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SUPERFUND SITE

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY

Sample Location SS-58 SS-594 SS-604 SS-614 SS-624 SS-63 SS-64 SS-65 SSS-1 SSS-2 SSS-3
Sample ID AD00207 AD00208 AD00209 AD00210 AD00211 AD00212 AD00213 AD00214 AD00430 AD00431 AD00432
Date Sampled 01/11/00 01/11/00 01/11/00 01/11/00 01/11/00 01/11/00 01/11/00 01/11/00 01/13/00 01/13/00 01/13/00
Aroclor 1242 ND(0.077) 2.6 1.9 1.4 2.4 0.15 ND(0.056) ND(0.097) ND(0.058) 0.19 0.35
Aroclor 1254 ND(0.077) 2.6 1.7 0.63 2.9 ND(0.10) 0.081 2.1 ND(0.058) 0.11 0.15
Aroclor 1260 ND(0.077) ND(0.37) ND(0.30) ND(0.19) ND(0.44) ND(0.10) ND(0.056) ND(0.097) ND(0.058) ND(0.058) ND(0.055)
Total PCB ND(0.077) 5.2 3.6 2.0 5.3 0.15 0.081 2.1 ND(0.058) 0.30 0.50

Sample Location SSS-4 SSS-5 SSS-6 SSS-7
Sample ID AD00433 AD00434 AD00473 AD00474
Date Sampled 01/13/00 01/13/00 01/14/00 01/14/00
Aroclor 1242 ND(0.061) ND(0.058) ND(0.055) ND(0.10)
Aroclor 1254 0.063 ND(0.058) 0.064 ND(0.10)
Aroclor 1260 ND(0.061) ND(0.058) ND(0.055) ND(0.10)
Total PCB 0.063 ND(0.058) 0.064 ND(0.10)

Notes:
(1)     Post-excavation soil samples were collected by the MDEQ and analyzed by Northeast Analytical, Inc. Samples SSS-1 through SSS-7 are 
          surficial soil samples.
(2)     Shows only the results for compounds detected above the quantitation limit.
(3)     Sample location was reexcavated.
(4)     Sample collected during test-pitting activities.
ND - Not detected
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Range of
Frequency of Concentrations 95% LCL1 95% UCL1

Compound Detection (mg/kg) (mg/kg) (mg/kg)
Surficial Samples
Adjacent to the Willow Boulevard Site
BBL Total PCB Results2 0 / 3 ND NA NA
MDEQ Total PCB Results3 4 / 7 ND - 0.50 ND 0.32
Subsurface Samples
Adjacent to the Willow Boulevard Site
BBL Total PCB Results4 2 / 17 ND - 0.73 NA 0.73 6

MDEQ Total PCB Results5 27 / 52 ND - 2.7 0.21 0.59
Former Olmstead Creek
BBL Total PCB Results 2 / 9 ND - 0.75 NA 0.75 6

MDEQ Total PCB Results 3 / 9 ND - 14 ND 5.1

Notes:
(1)     95% lower confidence limit (LCL) and 95% upper confidence limit (UCL) were calculated as 
          outlined in the MDEQ Guidance Document Verification of Soil Remediation  (MDEQ, 1994).  
          One-half the detection limit was used as a proxy concentration for nondetects in the 
          calculation of the UCL and LCL.  
(2)     Includes results from SSS-2, SSS-6, and SSS-8.
(3)     Includes results from SSS-1 through SSS-7.
(4)     Sample SV-60 was not included in the calculation of the 95% LCL and 95% UCL since it 
           was collected during test pitting activities.
(5)     Calculation of 95% LCL and 95% UCL excluded samples WLF-1 through WLF-4, WLF-21 
          through WLF-23, and WLF-25 due to reexcavation, and samples SS-59 through SS-62 since 
          they were collected during test-pitting activities.
(6)     Due to the small number of detects,  the maximum value was used.   
NA - Not Applicable
ND - Not detected

SUMMARY OF PCB CONCENTRATIONS
BBL AND MDEQ POST-EXCAVATION SAMPLES

TABLE 4-4

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT
REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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Sample Location FLA-SB-1 FLA-SB-5 FLA-SB-7 FLA-SB-7 FLA-SB-8 FLA-SB-11 FLA-SB-12
Sample ID W70323 W70324 W70325 W70326 W70327 W70328 W70329
Depth (ft bgs) 6.7 - 7.7 2.6 - 2.9 4.0 - 4.7 4.7 - 5.5 4.8 - 5.8 6.0 - 8.0 4.0 - 4.8
Media Soil Soil Residuals Soil Soil Soil Residuals
Date Sampled 4/8/1999 4/8/1999 4/8/1999 4/8/1999 4/8/1999 4/8/1999 4/12/1999
Aroclor 1016 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1221 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1232 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1242 ND(0.33 U) ND(0.33 U) 24 ND(0.33 U) ND(0.33 U) ND(0.33 U) 37
Aroclor 1248 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1254 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1260 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Total PCB ND(0.33 U) ND(0.33 U) 24 ND(0.33 U) ND(0.33 U) ND(0.33 U) 37

Sample Location FLA-SB-12 FLA-SB-13 FLA-SB-16 FLA-SB-18 FLA-SB-18 FLA-SB-19 FLA-SB-22
Sample ID W70330 W70331 W70332 W70333 W70334 W70335 W70336
Depth (ft bgs) 4.8 - 5.9 4.0 - 6.0 4.3 - 5.8 2.0 - 3.1 3.1 - 3.6 6.3 - 7.0 8.3 - 10.0
Media Soil Soil Soil Residuals Soil Soil Soil
Date Sampled 4/12/1999 4/12/1999 4/12/1999 4/12/1999 4/12/1999 4/13/1999 4/13/1999
Aroclor 1016 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1221 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1232 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1242 ND(0.33 U) 0.36 ND(0.33 U) 25 6.0 ND(0.33 U) ND(0.33 U)
Aroclor 1248 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1254 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1260 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Total PCB ND(0.33 U) 0.36 ND(0.33 U) 25 6.0 ND(0.33 U) ND(0.33 U)

Sample Location FLA-SB-22 (DUP) FLA-SB-24 FLA-SB-24 FLA-SB-25 DWA/FLA-SB-3 DWA/FLA-SB-4
Sample ID W70337 W70338 W70339 W70340 W70341 W70342
Depth (ft bgs) 8.3 - 10.0 0.0 - 2.0 2.0 - 3.0 6.5 - 7.0 2.0 - 2.8 2.0 - 2.5
Media Soil Residuals Soil Soil Residuals Residuals
Date Sampled 4/13/1999 4/13/1999 4/13/1999 4/13/1999 4/14/1999 4/14/1999
Aroclor 1016 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1221 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1232 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1242 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1248 ND(0.33 U) 14 0.88 ND(0.33 U) 3.0 11
Aroclor 1254 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1260 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Total PCB ND(0.33 U) 14 0.88 ND(0.33 U) 3.0 11

Notes:
bgs - Below ground surface
DUP - Duplicate sample
ND - Not detected

Note Explaining Data Qualifier:
U - The compound was analyzed for but not detected.  The associated value is the compound quantitation limit.

SUMMARY OF PCB ANALYTICAL RESULTS
SAMPLES FROM THE AREA SOUTH OF THE A-SITE BERM (mg/kg)

TABLE 4-5

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT
REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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Sample Location AMW3A-1 AMW3A-1 AMW3A-1 AMW3A-1 AMW3A-1 AMW3A-2 AMW3A-2 AMW3A-2 AMW3A-2 AMW3A-2 AMW3A-2
Depth (ft bgs) 0.0 - 2.0 2.0 - 4.0 4.0 - 6.0 7.5 - 8.0 8.0 - 10.0 0.0 - 2.0 2.0 - 3.5 3.5 - 4.0 4.0 - 5.5 5.5 - 6.0 10.0 - 12.0
Date Sampled 1/6/1998 1/6/1998 1/6/1998 1/6/1998 1/6/1998 1/6/1998 1/6/1998 1/6/1998 1/6/1998 1/6/1998 1/6/1998
Aroclor 1016 ND(0.096 U) ND(0.092 U) ND(0.19 U) ND(0.48 U) ND(0.46 U) ND(0.37 U) ND(0.099U) ND(0.024 U) ND(0.10 U) ND(2.3 U) ND(0.21 U)
Aroclor 1221 ND(0.096 U) ND(0.092 U) ND(0.19 U) ND(0.48 U) ND(0.46 U) ND(0.37 U) ND(0.099U) ND(0.024 U) ND(0.10 U) ND(2.3 U) ND(0.21 U)
Aroclor 1232 ND(0.096 U) ND(0.092 U) ND(0.19 U) ND(0.48 U) ND(0.46 U) ND(0.37 U) ND(0.099U) ND(0.024 U) ND(0.10 U) ND(2.3 U) ND(0.21 U)
Aroclor 1242 0.17 0.49 0.17 J 0.85 2.1 1.2 0.18 0.015 JN 0.51 17 1.8
Aroclor 1248 0.60 0.92 1.1 2.5 1.7 2.3 0.64 ND(0.024 U) 0.69 6.0 1.3
Aroclor 1254 0.071 J ND(0.092 U) 0.11 J ND(0.48 U) ND(0.46 U) ND(0.37 U) 0.056 J ND(0.024 U) ND(0.10 U) ND(2.3 U) ND(0.21 U)
Aroclor 1260 ND(0.096 U) 0.054 J ND(0.19 U) ND(0.48 U) ND(0.46 U) ND(0.37 U) 0.067 J ND(0.024 U) ND(0.10 U) ND(2.3 U) 0.11 J
Total PCB 0.84 J 1.5 J 1.4 J 3.4 3.8 3.5 0.94 J 0.015 JN 1.2 23 3.2 J

Sample Location AMW3A-2R AMW3A-2R AMW3A-3 AMW3A-3 AMW3A-3 AMW3A-3 AMW3A-3 AMW3A-3 AMW3A-3 AMW3A-3
Depth (ft bgs) 6.0 - 8.0 8.0 - 10.0 0.0 - 2.0 2.0 - 3.5 3.5 - 4.0 4.0 - 5.0 5.0 - 5.5 5.5 - 6.5 6.5 - 7.5 8.0 - 10.0
Date Sampled 1/6/1998 1/6/1998 1/6/1998 1/6/1998 1/6/1998 1/6/1998 1/6/1998 1/6/1998 1/6/1998 1/6/1998
Aroclor 1016 ND(0.47 U) ND(0.43 U) ND(0.39 U) ND(0.20 U) ND(0.50 U) ND(0.21 U) ND(0.23 U) ND(0.23 U) ND(0.41 U) ND(0.021 U)
Aroclor 1221 ND(0.47 U) ND(0.43 U) ND(0.39 U) ND(0.20 U) ND(0.50 U) ND(0.21 U) ND(0.23 U) ND(0.23 U) ND(0.41 U) ND(0.021 U)
Aroclor 1232 ND(0.47 U) ND(0.43 U) ND(0.39 U) ND(0.20 U) ND(0.50 U) ND(0.21 U) ND(0.23 U) ND(0.23 U) ND(0.41 U) ND(0.021 U)
Aroclor 1242 2.3 3.6 0.52 0.59 ND(0.50 U) 0.81 0.63 2.1 0.75 0.086
Aroclor 1248 1.5 1.3 2.4 1.8 3.3 1.4 0.95 1.8 2.1 0.11
Aroclor 1254 ND(0.47 U) ND(0.43 U) ND(0.39 U) ND(0.20 U) 0.35 J 0.19 J 0.16 J ND(0.23 U) ND(0.41 U) ND(0.021 U)
Aroclor 1260 ND(0.47 U) ND(0.43 U) ND(0.39 U) 0.11 J ND(0.50 U) ND(0.21 U) ND(0.23 U) 0.13 J ND(0.41 U) ND(0.021 U)
Total PCB 3.8 4.9 2.9 2.5 J 3.7 J 2.4 J 1.7 J 4.0 J 3.0 0.20

Notes:
bgs - Below ground surface
ND - Not detected

Notes Explaining Data Qualifiers:
J -   The compound was positively identified; however, the associated numerical value is an estimated concentration only.
JN -   The analysis indicates the presence of a compound for which there is presumptive evidence to
            make a tentative identification. The associated numerical value is an estimated concentration only.
U - The compound was analyzed for but not detected.  The associated value is the compound quantitation limit.

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER

TABLE 4-6A

JANUARY 1998 SAMPLES FROM THE AMW-3A AREA (mg/kg)
SUMMARY OF PCB ANALYTICAL RESULTS

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SUPERFUND SITE

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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Sample Location SB-3A-101 SB-3A-101 SB-3A-101 SB-3A-101 SB-3A-102 SB-3A-102 SB-3A-102 SB-3A-103 SB-3A-103 SB-3A-103 SB-3A-104
Sample ID W70190 W70191 W70192 W70193 W70194 W70195 W70196 W70197 W70198 W70199 W70200
Depth (ft bgs) 0.0 - 2.0 2.0 - 4.0 4.0 - 6.0 6.0 - 8.0 0.0 - 2.0 2.0 - 4.0 4.0 - 6.0 0.0 - 2.0 2.0 - 3.5 3.5 - 5.5 0.0 - 2.0
Media Residuals Residuals Soil Soil Residuals Soil Soil Soil Soil Soil Soil
Date Sampled 7/20/1998 7/20/1998 7/20/1998 7/20/1998 7/20/1998 7/20/1998 7/20/1998 7/20/1998 7/20/1998 7/20/1998 7/23/1998
Aroclor 1016 ND(0.54 U) ND(0.17 U) ND(0.068 U) ND(0.086 U) ND(0.22 U) ND(3.2 U) ND(0.18 U) ND(0.060 U) ND(0.059 U) ND(0.058 U) ND(0.17 U)
Aroclor 1221 ND(0.54 U) ND(0.17 U) ND(0.068 U) ND(0.086 U) ND(0.22 U) ND(3.2 U) ND(0.18 U) ND(0.060 U) ND(0.059 U) ND(0.058 U) ND(0.17 U)
Aroclor 1232 ND(0.54 U) ND(0.17 U) ND(0.068 U) ND(0.086 U) ND(0.22 U) ND(3.2 U) ND(0.18 U) ND(0.060 U) ND(0.059 U) ND(0.058 U) ND(0.17 U)
Aroclor 1242 ND(0.54 U) ND(0.17 U) ND(0.068 U) ND(0.086 U) ND(0.22 U) 61 0.86 0.39 0.087 0.039 J 0.28
Aroclor 1248 ND(0.54 U) ND(0.17 U) ND(0.068 U) ND(0.086 U) ND(0.22 U) ND(3.2 U) ND(0.18 U) 1.0 0.13 0.063 0.80
Aroclor 1254 3.1 1.1 0.36 ND(0.086 U) 3.1 ND(3.2 U) 0.098 J 0.063 J ND(0.059 U) ND(0.058 U) ND(0.17 U)
Aroclor 1260 ND(0.54 U) ND(0.17 U) ND(0.068 U) ND(0.086 U) ND(0.22 U) ND(3.2 U) ND(0.18 U) 0.067 J ND(0.059 U) ND(0.058 U) ND(0.17 U)
Total PCB 3.1 1.1 0.36 ND(0.086 U) 3.1 61 0.96 J 1.5 J 0.22 0.10 J 1.1

Sample Location SB-3A-104 SB-3A-104 SB-3A-104 SB-3A-104 SB-3A-105 SB-3A-105 SB-3A-106 SB-3A-106 SB-3A-107 SB-3A-107 SB-3A-107
Sample ID W70201 W70202 W70203 W70204 W70205 W70206 W70207 W70208 W70209 W70210 W70211
Depth (ft bgs) 2.0 - 2.5 2.5 - 3.0 3.0 - 4.0 4.0 - 6.0 0.0 - 2.0 2.0 - 4.0 0.0 - 1.0 1.0 - 3.0 0.0 - 0.50 0.50 - 1.0 1.0 - 3.0
Media Soil Residuals Soil Soil Soil Soil Soil Soil Soil Soil Soil
Date Sampled 7/23/1998 7/23/1998 7/23/1998 7/23/1998 7/23/1998 7/23/1998 7/23/1998 7/23/1998 7/23/1998 7/23/1998 7/23/1998
Aroclor 1016 ND(0.066 U) ND(1.3 U) ND(1.7 U) ND(0.060 U) ND(0.057 U) ND(0.056 U) ND(0.054 U) ND(0.053 U) ND(0.056 U) ND(0.053 U) ND(0.058 U)
Aroclor 1221 ND(0.066 U) ND(1.3 U) ND(1.7 U) ND(0.060 U) ND(0.057 U) ND(0.056 U) ND(0.054 U) ND(0.053 U) ND(0.056 U) ND(0.053 U) ND(0.058 U)
Aroclor 1232 ND(0.066 U) ND(1.3 U) ND(1.7 U) ND(0.060 U) ND(0.057 U) ND(0.056 U) ND(0.054 U) ND(0.053 U) ND(0.056 U) ND(0.053 U) ND(0.058 U)
Aroclor 1242 0.14 5.3 15 0.052 J ND(0.057 U) ND(0.056 U) ND(0.054 U) ND(0.053 U) ND(0.056 U) ND(0.053 U) ND(0.058 U)
Aroclor 1248 0.34 8.0 3.9 0.053 J 0.044 J ND(0.056 U) ND(0.054 U) ND(0.053 U) ND(0.056 U) ND(0.053 U) ND(0.058 U)
Aroclor 1254 0.042 J ND(1.3 U) ND(1.7 U) ND(0.060 U) ND(0.057 U) ND(0.056 U) ND(0.054 U) ND(0.053 U) ND(0.056 U) ND(0.053 U) ND(0.058 U)
Aroclor 1260 ND(0.066 U) ND(1.3 U) ND(1.7 U) ND(0.060 U) ND(0.057 U) ND(0.056 U) ND(0.054 U) ND(0.053 U) ND(0.056 U) ND(0.053 U) ND(0.058 U)
Total PCB 0.52 J 13 19 0.11 J 0.044 J ND(0.056 U) ND(0.054 U) ND(0.053 U) ND(0.056 U) ND(0.053 U) ND(0.058 U)

Notes:
bgs - Below ground surface
ND - Not detected

Notes Explaining Data Qualifiers:
J -   The compound was positively identified; however, the associated numerical value is an estimated concentration only.
U - The compound was analyzed for but not detected.  The associated value is the compound quantitation limit.

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER

TABLE 4-6B

JULY 1998 SAMPLES FROM THE AMW-3A AREA (mg/kg)
SUMMARY OF PCB ANALYTICAL RESULTS

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SUPERFUND SITE

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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Sample Location SB-3A-202 SB-3A-202 SB-3A-202 SB-3A-202 SB-3A-203 SB-3A-203 SB-3A-203
Sample ID W70270 W70271 W70272 W70273 W70274 W70275 W70276
Depth (ft bgs) 0.0 - 2.0 2.0 - 4.0 4.0 - 6.0 6.0 - 8.0 0.0 - 2.0 2.0 - 4.0 4.0 - 6.0
Date Sampled 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999
Aroclor 1016 ND(0.63 U) ND(0.062 U) ND(0.086 U) ND(0.059 U) ND(0.19 U) ND(0.30 U) ND(0.12 U)
Aroclor 1221 ND(0.63 U) ND(0.062 U) ND(0.086 U) ND(0.059 U) ND(0.19 U) ND(0.30 U) ND(0.12 U)
Aroclor 1232 ND(0.63 U) ND(0.062 U) ND(0.086 U) ND(0.059 U) ND(0.19 U) ND(0.30 U) ND(0.12 U)
Aroclor 1242 ND(0.63 U) ND(0.062 U) ND(0.086 U) ND(0.059 U) ND(0.19 U) ND(0.30 U) ND(0.12 U)
Aroclor 1248 ND(0.63 U) ND(0.062 U) ND(0.086 U) ND(0.059 U) ND(0.19 U) ND(0.30 U) ND(0.12 U)
Aroclor 1254 4.4 0.29 ND(0.086 U) ND(0.059 U) 1.7 1.7 0.91
Aroclor 1260 ND(0.63 U) ND(0.062 U) ND(0.086 U) ND(0.059 U) ND(0.19 U) ND(0.30 U) 0.11 J
Total PCB 4.4 0.29 ND(0.086 U) ND(0.059 U) 1.7 1.7 1.0 J

Sample Location SB-3A-203 SB-3A-203 SB-3A-205 SB-3A-205 SB-3A-205 SB-3A-206 SB-3A-206 (DUP)
Sample ID W70277 W70278 W70282 W70283 W70284 W70285 W70286
Depth (ft bgs) 6.2 - 6.6 6.6 - 7.8 0.0 - 2.0 2.0 - 4.0 4.0 - 6.0 0.0 - 2.0 0.0 - 2.0
Date Sampled 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999
Aroclor 1016 ND(0.086 U) ND(0.062 U) ND(0.060 U) ND(0.059 U) ND(0.059 U) ND(0.060 U) ND(0.058 U)
Aroclor 1221 ND(0.086 U) ND(0.062 U) ND(0.060 U) ND(0.059 U) ND(0.059 U) ND(0.060 U) ND(0.058 U)
Aroclor 1232 ND(0.086 U) ND(0.062 U) ND(0.060 U) ND(0.059 U) ND(0.059 U) ND(0.060 U) ND(0.058 U)
Aroclor 1242 ND(0.086 U) ND(0.062 U) ND(0.060 U) ND(0.059 U) ND(0.059 U) ND(0.060 U) ND(0.058 U)
Aroclor 1248 ND(0.086 U) ND(0.062 U) ND(0.060 U) ND(0.059 U) ND(0.059 U) ND(0.060 U) ND(0.058 U)
Aroclor 1254 ND(0.086 U) ND(0.062 U) 0.61 0.046 J ND(0.059 U) ND(0.060 U) ND(0.058 U)
Aroclor 1260 ND(0.086 U) ND(0.062 U) ND(0.060 U) ND(0.059 U) ND(0.059 U) ND(0.060 U) ND(0.074 U)
Total PCB ND(0.086 U) ND(0.062 U) 0.61 0.046 J ND(0.059 U) ND(0.060 U) ND(0.074 U)

Sample Location SB-3A-206 SB-3A-206 SB-3A-208 SB-3A-208 SB-3A-208 SB-3A-208 SB-3A-213
Sample ID W70288 W70289 W70293 W70294 W70295 W70296 W70309
Depth (ft bgs) 2.0 - 4.0 4.0 - 6.0 0.0 - 2.0 2.0 - 4.0 4.0 - 6.0 6.0 - 8.0 0.0 - 2.0
Date Sampled 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999
Aroclor 1016 ND(0.054 U) ND(0.055 U) ND(0.056 U) ND(0.052 U) ND(0.053 U) ND(0.058 U) ND(1.1 U)
Aroclor 1221 ND(0.054 U) ND(0.055 U) ND(0.056 U) ND(0.052 U) ND(0.053 U) ND(0.058 U) ND(1.1 U)
Aroclor 1232 ND(0.054 U) ND(0.055 U) ND(0.056 U) ND(0.052 U) ND(0.053 U) ND(0.058 U) ND(1.1 U)
Aroclor 1242 ND(0.054 U) ND(0.055 U) ND(0.056 U) ND(0.052 U) ND(0.053 U) ND(0.058 U) ND(1.1 U)
Aroclor 1248 ND(0.054 U) ND(0.055 U) ND(0.056 U) ND(0.052 U) ND(0.053 U) ND(0.058 U) 5.9
Aroclor 1254 ND(0.054 U) ND(0.055 U) ND(0.056 U) ND(0.052 U) ND(0.053 U) ND(0.058 U) ND(1.1 U)
Aroclor 1260 ND(0.054 U) ND(0.055 U) ND(0.056 U) ND(0.052 U) ND(0.053 U) ND(0.058 U) ND(1.1 U)
Total PCB ND(0.054 U) ND(0.055 U) ND(0.056 U) ND(0.052 U) ND(0.053 U) ND(0.058 U) 5.9

Sample Location SB-3A-213 SB-3A-213 (DUP) SB-3A-213
Sample ID W70310 W70311 W70313
Depth (ft bgs) 2.0 - 4.0 2.0 - 4.0 4.0 - 6.0
Date Sampled 3/24/1999 3/24/1999 3/24/1999
Aroclor 1016 ND(0.056 U) ND(0.056 U) ND(0.056 U)
Aroclor 1221 ND(0.056 U) ND(0.056 U) ND(0.056 U)
Aroclor 1232 ND(0.056 U) ND(0.056 U) ND(0.056 U)
Aroclor 1242 ND(0.056 U) ND(0.056 U) ND(0.056 U)
Aroclor 1248 0.40 0.50 ND(0.056 U)
Aroclor 1254 ND(0.056 U) ND(0.056 U) ND(0.056 U)
Aroclor 1260 0.029 J 0.038 J ND(0.056 U)
Total PCB 0.43 J 0.54 J ND(0.056 U)

Notes:
bgs - Below ground surface
DUP - Duplicate sample
ND - Not detected

Notes Explaining Data Qualifiers:
J -   The compound was positively identified; however, the associated numerical value is an estimated concentration only.

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER

TABLE 4-6C

MARCH 1999 SAMPLES FROM THE AMW-3A AREA (mg/kg)
SUMMARY OF PCB ANALYTICAL RESULTS

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SUPERFUND SITE

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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Sample Location SS-02 SS-03 SS-04 SS-05 SS-06 SS-07 SS-08 SS-09 SS-10
Sample ID W70344 W70345 W70346 W70347 W70348 W70349 W70350 W70351 W70352
Date Sampled 11/29/1999 11/29/1999 11/30/1999 11/30/1999 11/30/1999 11/30/1999 12/1/1999 12/1/1999 12/1/1999
Aroclor 1242 ND(0.33 U) ND(0.33 U) 0.75 0.40 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Total PCB ND(0.33 U) ND(0.33 U) 0.75 0.40 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)

Notes:
(1)     Post-excavation soil samples were collected at the base of excavation.
(2)     Shows only the results for compounds detected above the quantitation limit.
ND - Not detected

Note Explaining Data Qualifier:
U - The compound was analyzed for but not detected.  The associated value is the compound quantitation limit.

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER

TABLE 4-7

FORMER OLMSTEAD CREEK2 (mg/kg)

SUMMARY OF PCB ANALYTICAL RESULTS

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SUPERFUND SITE

BBL POST-EXCAVATION SAMPLES1

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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Sample Location SS-02 SS-03 SS-04 SS-05 SS-06 SS-07 SS-08 SS-09 SS-10
Sample ID AC08538 AC08539 AC08540 AC08541 AC08542 AC08543 AC08544 AC08545 AC08546
Date Sampled 11/29/1999 11/29/1999 11/30/1999 11/30/1999 11/30/1999 11/30/1999 12/1/1999 12/1/1999 12/1/1999
Aroclor 1242 ND(0.12) 0.10 14 0.47 ND(0.057) ND(0.054) ND(0.055) ND(0.057) ND(0.059)
Total PCB ND(0.12) 0.10 14 0.47 ND(0.057) ND(0.054) ND(0.055) ND(0.057) ND(0.059)

Notes:
(1)     Post-excavation soil samples were collected by the MDEQ and analyzed at Northeast Analytical, Inc.
(2)     Shows only the results for compounds detected above the quantitation limit.
ND - Not detected

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER

TABLE 4-7A

FORMER OLMSTEAD CREEK2 (mg/kg)

SUMMARY OF PCB ANALYTICAL RESULTS

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SUPERFUND SITE

MDEQ POST-EXCAVATION SAMPLES1

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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Sample Location SB-3A-201 SB-3A-201 SB-3A-201 SB-3A-201 SB-3A-204 SB-3A-204 SB-3A-204
Sample ID W70266 W70267 W70268 W70269 W70279 W70280 W70281
Depth (ft bgs) 0.0 - 2.0 2.0 - 4.0 4.0 - 4.7 4.7 - 6.0 0.0 - 2.0 2.0 - 4.0 4.0 - 6.0
Date Sampled 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999
Aroclor 1016 ND(0.056 U) ND(0.059 U) ND(0.081 U) ND(0.057 U) ND(0.057 U) ND(0.054 U) ND(0.056 U)
Aroclor 1221 ND(0.056 U) ND(0.059 U) ND(0.081 U) ND(0.057 U) ND(0.057 U) ND(0.054 U) ND(0.056 U)
Aroclor 1232 ND(0.056 U) ND(0.059 U) ND(0.081 U) ND(0.057 U) ND(0.057 U) ND(0.054 U) ND(0.056 U)
Aroclor 1242 ND(0.056 U) ND(0.059 U) ND(0.081 U) ND(0.057 U) ND(0.057 U) ND(0.054 U) ND(0.056 U)
Aroclor 1248 ND(0.056 U) ND(0.059 U) ND(0.081 U) ND(0.057 U) ND(0.057 U) ND(0.054 U) ND(0.056 U)
Aroclor 1254 ND(0.056 U) ND(0.059 U) ND(0.081 U) ND(0.057 U) ND(0.057 U) ND(0.054 U) ND(0.056 U)
Aroclor 1260 ND(0.056 U) ND(0.059 U) ND(0.081 U) ND(0.057 U) ND(0.057 U) ND(0.054 U) ND(0.056 U)
Total PCB ND(0.056 U) ND(0.059 U) ND(0.081 U) ND(0.057 U) ND(0.057 U) ND(0.054 U) ND(0.056 U)

Sample Location SB-3A-207 SB-3A-207 SB-3A-207
Sample ID W70290 W70291 W70292
Depth (ft bgs) 0.0 - 2.0 2.0 - 4.0 4.0 - 6.0
Date Sampled 3/24/1999 3/24/1999 3/24/1999
Aroclor 1016 ND(0.057 U) ND(0.058 U) ND(0.054 U)
Aroclor 1221 ND(0.057 U) ND(0.058 U) ND(0.054 U)
Aroclor 1232 ND(0.057 U) ND(0.058 U) ND(0.054 U)
Aroclor 1242 ND(0.057 U) ND(0.058 U) ND(0.054 U)
Aroclor 1248 ND(0.057 U) ND(0.058 U) ND(0.054 U)
Aroclor 1254 ND(0.057 U) ND(0.058 U) ND(0.054 U)
Aroclor 1260 ND(0.057 U) ND(0.058 U) ND(0.054 U)
Total PCB ND(0.057 U) ND(0.058 U) ND(0.054 U)

Notes:
bgs - Below ground surface
ND - Not detected

Notes Explaining Data Qualifiers:
J -   The compound was positively identified; however, the associated numerical value is an estimated concentration only.
U - The compound was analyzed for but not detected.  The associated value is the compound quantitation limit.

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER

TABLE 4-8A

MARCH 1999 SAMPLES FROM THE WRIGHT PROPERTY (mg/kg)
SUMMARY OF PCB ANALYTICAL RESULTS

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SUPERFUND SITE

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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Sample Location SB-3A-209 SB-3A-209 SB-3A-209 SB-3A-210 SB-3A-210 SB-3A-210 SB-3A-211
Sample ID W70297 W70298 W70299 W70300 W70301 W70302 W70303
Depth (ft bgs) 0.0 - 2.0 2.0 - 4.0 4.0 - 6.0 0.0 - 2.0 2.0 - 4.0 4.0 - 6.0 0.0 - 2.0
Date Sampled 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999
Aroclor 1016 ND(0.056 U) ND(0.054 U) ND(0.056 U) ND(0.28 U) ND(0.054 U) ND(0.054 U) ND(0.060 U)
Aroclor 1221 ND(0.056 U) ND(0.054 U) ND(0.056 U) ND(0.28 U) ND(0.054 U) ND(0.054 U) ND(0.060 U)
Aroclor 1232 ND(0.056 U) ND(0.054 U) ND(0.056 U) ND(0.28 U) ND(0.054 U) ND(0.054 U) ND(0.060 U)
Aroclor 1242 ND(0.056 U) ND(0.054 U) ND(0.056 U) ND(0.28 U) ND(0.054 U) ND(0.054 U) ND(0.060 U)
Aroclor 1248 ND(0.056 U) ND(0.054 U) ND(0.056 U) ND(0.28 U) ND(0.054 U) ND(0.054 U) ND(0.060 U)
Aroclor 1254 ND(0.056 U) ND(0.054 U) ND(0.056 U) 1.5 ND(0.054 U) ND(0.054 U) ND(0.060 U)
Aroclor 1260 ND(0.056 U) ND(0.054 U) ND(0.056 U) ND(0.28 U) ND(0.054 U) ND(0.054 U) ND(0.060 U)
Total PCB ND(0.056 U) ND(0.054 U) ND(0.056 U) 1.5 ND(0.054 U) ND(0.054 U) ND(0.060 U)

Sample Location SB-3A-211 SB-3A-211 SB-3A-212 SB-3A-212 SB-3A-212
Sample ID W70304 W70305 W70306 W70307 W70308
Depth (ft bgs) 2.0 - 4.0 4.0 - 6.0 0.0 - 2.0 2.0 - 4.0 4.0 - 6.0
Date Sampled 3/24/1999 3/24/1999 3/24/1999 3/24/1999 3/24/1999
Aroclor 1016 ND(0.054 U) ND(0.056 U) ND(0.050 UJ) ND(0.054 U) ND(0.056 U)
Aroclor 1221 ND(0.054 U) ND(0.056 U) ND(0.050 UJ) ND(0.054 U) ND(0.056 U)
Aroclor 1232 ND(0.054 U) ND(0.056 U) ND(0.050 UJ) ND(0.054 U) ND(0.056 U)
Aroclor 1242 ND(0.054 U) ND(0.056 U) ND(0.050 UJ) ND(0.054 U) ND(0.056 U)
Aroclor 1248 ND(0.054 U) ND(0.056 U) 0.14 J ND(0.054 U) ND(0.056 U)
Aroclor 1254 ND(0.054 U) ND(0.056 U) ND(0.050 UJ) ND(0.054 U) ND(0.056 U)
Aroclor 1260 ND(0.054 U) ND(0.056 U) ND(0.050 UJ) ND(0.054 U) ND(0.056 U)
Total PCB ND(0.054 U) ND(0.056 U) 0.14 J ND(0.054 U) ND(0.056 U)

Notes:
bgs - Below ground surface
DUP - Duplicate sample
ND - Not detected

Notes Explaining Data Qualifiers:
J - The compound was positively identified; however, the associated numerical value is an estimated concentration only.
U - The compound was analyzed for but not detected.  The associated value is the compound quantitation limit.
UJ - The compound was not detected above the reported sample quantitation limit.  However, the reported limit
           is approximate and  may or may not represent the actual limit of quantitation.

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER

TABLE 4-8B

MARCH 1999 SAMPLES FROM THE BLOOMFIELD PROPERTY (mg/kg)
SUMMARY OF PCB ANALYTICAL RESULTS

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY

SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT
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Sample Location SB-ADKINS-1 SB-ADKINS-1 SB-ADKINS-1 SB-ADKINS-1 SB-ADKINS-2 SB-ADKINS-2 SB-ADKINS-2
Sample ID W70216 W70217 W70218 W70219 W70220 W70221 W70222
Depth (ft bgs) 0.0 - 2.0 2.0 - 4.0 4.0 - 6.0 6.0 - 8.0 1.1 - 2.0 2.5 - 3.6 4.0 - 6.0
Date Sampled 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999
Aroclor 1016 ND(0.060 U) ND(0.068 U) ND(0.081 U) ND(0.077 U) ND(0.068 U) ND(0.064 U) ND(0.068 U)
Aroclor 1221 ND(0.060 U) ND(0.068 U) ND(0.081 U) ND(0.077 U) ND(0.068 U) ND(0.064 U) ND(0.068 U)
Aroclor 1232 ND(0.060 U) ND(0.068 U) ND(0.081 U) ND(0.077 U) ND(0.068 U) ND(0.064 U) ND(0.068 U)
Aroclor 1242 ND(0.060 U) ND(0.068 U) 0.87 J ND(0.077 U) ND(0.068 U) ND(0.064 U) ND(0.068 U)
Aroclor 1248 ND(0.060 U) ND(0.068 U) ND(0.081 U) 0.048 J ND(0.068 U) ND(0.064 U) ND(0.068 U)
Aroclor 1254 ND(0.060 U) ND(0.068 U) 0.056 J ND(0.077 U) ND(0.068 U) ND(0.064 U) ND(0.068 U)
Aroclor 1260 ND(0.060 U) ND(0.068 U) 0.075 J ND(0.077 U) ND(0.068 U) ND(0.064 U) ND(0.068 U)
Total PCB ND(0.060 U) ND(0.068 U) 1.0 J 0.048 J ND(0.068 U) ND(0.064 U) ND(0.068 U)

Sample Location SB-ADKINS-2 SB-ADKINS-2 SB-ADKINS-3 SB-ADKINS-3 SB-ADKINS-3 SB-ADKINS-3 SB-ADKINS-3
Sample ID W70223 W70224 W70225 W70226 W70227 W70228 W70229
Depth (ft bgs) 6.0 - 8.0 8.0 - 10.0 0.40 - 2.0 2.0 - 3.5 4.0 - 6.0 6.0 - 6.8 6.8 - 8.0
Date Sampled 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999
Aroclor 1016 ND(0.089 U) ND(0.057 U) ND(0.072 U) ND(0.072 U) ND(0.11 U) ND(0.11 U) ND(0.057 U)
Aroclor 1221 ND(0.089 U) ND(0.057 U) ND(0.072 U) ND(0.072 U) ND(0.11 U) ND(0.11 U) ND(0.057 U)
Aroclor 1232 ND(0.089 U) ND(0.057 U) ND(0.072 U) ND(0.072 U) ND(0.11 U) ND(0.11 U) ND(0.057 U)
Aroclor 1242 ND(0.089 U) ND(0.057 U) ND(0.072 U) ND(0.072 U) ND(0.11 U) ND(0.11 U) ND(0.057 U)
Aroclor 1248 ND(0.089 U) ND(0.057 U) ND(0.072 U) ND(0.072 U) ND(0.11 U) ND(0.11 U) ND(0.057 U)
Aroclor 1254 ND(0.089 U) ND(0.057 U) ND(0.072 U) ND(0.072 U) ND(0.11 U) ND(0.11 U) ND(0.057 U)
Aroclor 1260 ND(0.089 U) ND(0.057 U) ND(0.072 U) ND(0.072 U) ND(0.11 U) ND(0.11 U) ND(0.057 U)
Total PCB ND(0.089 U) ND(0.057 U) ND(0.072 U) ND(0.072 U) ND(0.11 U) ND(0.11 U) ND(0.057 U)

Sample Location SB-ADKINS-4 SB-ADKINS-4 SB-ADKINS-4 (DUP) SB-ADKINS-4 SB-ADKINS-4 SB-ADKINS-4 SB-ADKINS-4
Sample ID W70230 W70231 W70232 W70234 W70235 W70236 W70237
Depth (ft bgs) 0.0 - 2.0 2.5 - 4.0 2.5 - 4.0 4.0 - 4.8 6.0 - 8.0 8.0 - 8.4 8.4 - 9.0
Date Sampled 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999
Aroclor 1016 ND(0.056 U) ND(0.071 U) ND(0.070 U) ND(0.071 U) ND(0.11 U) ND(0.093 U) ND(0.061 U)
Aroclor 1221 ND(0.056 U) 0.061 JN ND(0.070 U) ND(0.071 U) ND(0.11 U) ND(0.093 U) ND(0.061 U)
Aroclor 1232 ND(0.056 U) ND(0.071 U) ND(0.070 U) ND(0.071 U) ND(0.11 U) ND(0.093 U) ND(0.061 U)
Aroclor 1242 ND(0.056 U) ND(0.071 U) ND(0.070 U) ND(0.071 U) ND(0.11 U) ND(0.093 U) ND(0.061 U)
Aroclor 1248 ND(0.056 U) ND(0.071 U) ND(0.070 U) ND(0.071 U) ND(0.11 U) ND(0.093 U) ND(0.061 U)
Aroclor 1254 ND(0.056 U) ND(0.071 U) ND(0.070 U) ND(0.071 U) ND(0.11 U) ND(0.093 U) ND(0.061 U)
Aroclor 1260 ND(0.056 U) ND(0.071 U) ND(0.070 U) ND(0.071 U) ND(0.11 U) ND(0.093 U) ND(0.061 U)
Total PCB ND(0.056 U) 0.061 JN ND(0.070 U) ND(0.071 U) ND(0.11 U) ND(0.093 U) ND(0.061 U)

Sample Location SB-ADKINS-5 SB-ADKINS-5 SB-ADKINS-5 SB-ADKINS-5 SB-ADKINS-5 SB-ADKINS-5 SB-ADKINS-6
Sample ID W70238 W70239 W70240 W70241 W70242 W70243 W70244
Depth (ft bgs) 0.0 - 2.0 3.4 - 3.8 4.0 - 6.0 6.0 - 8.0 9.6 - 10.0 10.0 - 12.0 0.0 - 2.0
Date Sampled 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999
Aroclor 1016 ND(0.054 U) ND(0.063 U) ND(0.072 U) ND(0.10 U) ND(0.061 U) ND(0.057 U) ND(0.055 U)
Aroclor 1221 ND(0.054 U) ND(0.063 U) ND(0.072 U) ND(0.10 U) ND(0.061 U) ND(0.057 U) ND(0.055 U)
Aroclor 1232 ND(0.054 U) ND(0.063 U) ND(0.072 U) ND(0.10 U) ND(0.061 U) ND(0.057 U) ND(0.055 U)
Aroclor 1242 ND(0.054 U) ND(0.063 U) ND(0.072 U) ND(0.10 U) ND(0.061 U) ND(0.057 U) ND(0.055 U)
Aroclor 1248 ND(0.054 U) ND(0.063 U) ND(0.072 U) ND(0.10 U) ND(0.061 U) ND(0.057 U) ND(0.055 U)
Aroclor 1254 ND(0.054 U) ND(0.063 U) ND(0.072 U) ND(0.10 U) ND(0.061 U) ND(0.057 U) ND(0.055 U)
Aroclor 1260 ND(0.054 U) 0.17 J ND(0.072 U) ND(0.10 U) ND(0.061 U) ND(0.057 U) ND(0.055 U)
Total PCB ND(0.054 U) 0.17 J ND(0.072 U) ND(0.10 U) ND(0.061 U) ND(0.057 U) ND(0.055 U)

(See notes on page 2)

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER

TABLE 4-8C

MARCH 1999 SAMPLES FROM THE ADKINS PROPERTY AREA (mg/kg)
SUMMARY OF PCB ANALYTICAL RESULTS

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SUPERFUND SITE

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER

TABLE 4-8C

MARCH 1999 SAMPLES FROM THE ADKINS PROPERTY AREA (mg/kg)
SUMMARY OF PCB ANALYTICAL RESULTS

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SUPERFUND SITE

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY

Sample Location SB-ADKINS-6 SB-ADKINS-6 (DUP) SB-ADKINS-6 SB-ADKINS-6 SB-ADKINS-6 SB-ADKINS-7 SB-ADKINS-7
Sample ID W70245 W70246 W70248 W70249 W70250 W70251 W70252
Depth (ft bgs) 2.2 - 4.0 2.2 - 4.0 4.0 - 6.0 6.0 - 6.7 6.7 - 8.0 0.0 - 2.0 2.0 - 4.0
Date Sampled 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999
Aroclor 1016 ND(0.065 U) ND(0.068 U) ND(0.12 U) ND(0.12 U) ND(0.062 U) ND(0.056 U) ND(0.057 U)
Aroclor 1221 ND(0.065 U) ND(0.068 U) ND(0.12 U) ND(0.12 U) ND(0.062 U) ND(0.056 U) ND(0.057 U)
Aroclor 1232 ND(0.065 U) ND(0.068 U) ND(0.12 U) ND(0.12 U) ND(0.062 U) ND(0.056 U) ND(0.057 U)
Aroclor 1242 ND(0.065 U) ND(0.068 U) ND(0.12 U) ND(0.12 U) ND(0.062 U) ND(0.056 U) ND(0.057 U)
Aroclor 1248 ND(0.065 U) ND(0.068 U) ND(0.12 U) ND(0.12 U) ND(0.062 U) ND(0.056 U) ND(0.057 U)
Aroclor 1260 ND(0.065 U) ND(0.068 U) ND(0.12 U) ND(0.12 U) ND(0.062 U) 0.14 J ND(0.057 U)
Total PCB ND(0.065 U) ND(0.068 U) ND(0.12 U) ND(0.12 U) ND(0.062 U) 0.14 J ND(0.057 U)

Sample Location SB-ADKINS-7 SB-ADKINS-7 SB-ADKINS-8 SB-ADKINS-8 SB-ADKINS-8 SB-ADKINS-8 SB-ADKINS-9
Sample ID W70253 W70254 W70255 W70256 W70257 W70258 W70259
Depth (ft bgs) 4.0 - 6.0 6.0 - 8.0 0.0 - 2.0 2.0 - 4.0 4.0 - 6.0 6.0 - 8.0 0.0 - 2.0
Date Sampled 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999 3/23/1999
Aroclor 1016 ND(0.057 U) ND(0.058 U) ND(0.057 U) ND(0.065 U) ND(0.16 U) ND(0.065 U) ND(0.058 U)
Aroclor 1221 ND(0.057 U) ND(0.058 U) ND(0.057 U) ND(0.065 U) ND(0.16 U) ND(0.065 U) ND(0.058 U)
Aroclor 1232 ND(0.057 U) ND(0.058 U) ND(0.057 U) ND(0.065 U) ND(0.16 U) ND(0.065 U) ND(0.058 U)
Aroclor 1242 ND(0.057 U) ND(0.058 U) ND(0.057 U) ND(0.065 U) ND(0.16 U) ND(0.065 U) ND(0.058 U)
Aroclor 1248 ND(0.057 U) ND(0.058 U) ND(0.057 U) 0.21 ND(0.16 U) ND(0.065 U) ND(0.058 U)
Aroclor 1254 ND(0.057 U) ND(0.058 U) ND(0.057 U) 0.033 J ND(0.16 U) ND(0.065 U) ND(0.058 U)
Aroclor 1260 ND(0.057 U) ND(0.058 U) ND(0.057 U) ND(0.065 U) ND(0.16 U) ND(0.065 U) ND(0.058 U)
Total PCB ND(0.057 U) ND(0.058 U) ND(0.057 U) 0.24 J ND(0.16 U) ND(0.065 U) ND(0.058 U)

Sample Location SB-ADKINS-9 SB-ADKINS-9 SB-ADKINS-9 SB-ADKINS-9 (DUP)
Sample ID W70260 W70261 W70262 W70263
Depth (ft bgs) 2.0 - 4.0 4.0 - 6.0 6.0 - 8.0 6.0 - 8.0
Date Sampled 3/23/1999 3/23/1999 3/23/1999 3/23/1999
Aroclor 1016 ND(0.074 U) ND(0.20 U) ND(0.058 U) ND(0.062 U)
Aroclor 1221 ND(0.074 U) ND(0.20 U) ND(0.058 U) ND(0.062 U)
Aroclor 1232 ND(0.074 U) ND(0.20 U) ND(0.058 U) ND(0.062 U)
Aroclor 1242 ND(0.074 U) ND(0.20 U) ND(0.058 U) ND(0.062 U)
Aroclor 1248 ND(0.074 U) ND(0.20 U) ND(0.058 U) ND(0.062 U)
Aroclor 1254 ND(0.074 U) ND(0.20 U) ND(0.058 U) ND(0.062 U)
Aroclor 1260 ND(0.074 U) ND(0.20 U) ND(0.058 U) ND(0.062 U)
Total PCB ND(0.074 U) ND(0.20 U) ND(0.058 U) ND(0.062 U)

Notes:
bgs - Below ground surface
DUP - Duplicate sample
ND - Not detected

Notes Explaining Data Qualifiers:
J -   The compound was positively identified; however, the associated numerical value is an estimated concentration only.
JN -   The analysis indicates the presence of a compound for which there is presumptive evidence to
            make a tentative identification. The associated numerical value is an estimated concentration only.
U - The compound was analyzed for but not detected.  The associated value is the compound quantitation limit.
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Sample Location B-1 B-1 B-1 B-1 B-2 B-2 B-2 B-3 B-3
Sample ID W70426 W70427 W70428 W70429 W70430 W70431 W70432 W70433 W70434
Depth Interval (ft bgs) 0.0 - 0.5 0.5 - 2.0 2.0 - 4.0 4.0 - 5.0 0.0 - 0.5 0.5 - 2.0 2.0 - 4.0 0.0 - 0.5 0.5 - 1.0
Date Sampled 5/2/2000 5/2/2000 5/2/2000 5/2/2000 5/2/2000 5/2/2000 5/2/2000 5/2/2000 5/2/2000
Aroclor 1016 ND(0.061 U) ND(0.089 U) ND(0.18 U) ND(0.088 U) ND(0.054 U) ND(0.052 U) NA ND(0.076 U) ND(0.067 U)
Aroclor 1221 ND(0.061 U) ND(0.089 U) ND(0.18 U) ND(0.088 U) ND(0.054 U) ND(0.052 U) NA ND(0.076 U) ND(0.067 U)
Aroclor 1232 ND(0.061 U) ND(0.089 U) ND(0.18 U) ND(0.088 U) ND(0.054 U) ND(0.052 U) NA ND(0.076 U) ND(0.067 U)
Aroclor 1242 ND(0.061 U) ND(0.089 U) ND(0.18 U) ND(0.088 U) ND(0.054 U) ND(0.052 U) NA ND(0.076 U) ND(0.067 U)
Aroclor 1248 ND(0.061 U) ND(0.089 U) ND(0.18 U) ND(0.088 U) ND(0.054 U) ND(0.052 U) NA ND(0.076 U) ND(0.067 U)
Aroclor 1254 ND(0.061 U) ND(0.089 U) ND(0.18 U) ND(0.088 U) ND(0.054 U) ND(0.052 U) NA ND(0.076 U) ND(0.067 U)
Aroclor 1260 ND(0.061 U) ND(0.089 U) ND(0.18 U) ND(0.088 U) ND(0.054 U) ND(0.052 U) NA ND(0.076 U) ND(0.067 U)
Total PCB ND(0.061 U) ND(0.089 U) ND(0.18 U) ND(0.088 U) ND(0.054 U) ND(0.052 U) 0.12 JN ND(0.076 U) ND(0.067 U)

Notes:
bgs - Below ground surface
NA - Not available
ND - Not detected

Notes Explaining Data Qualifiers:
JN -  The analysis indicates the presence of a compound for which there is presumptive evidence to make a tentative identification.  
          The associated numerical value is an estimated concentration only.
U -  The compound was analyzed for but not detected.  The associated value is the compound quantitation limit.
       

SUMMARY OF PCB ANALYTICAL RESULTS
MAY 2000 SAMPLES FROM THE WADSWORTH PROPERTY AREA (mg/kg)

TABLE 4-8D

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT
REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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Sample Location TP-1 TP-1 TP-10 TP-12 TP-13 TP-15
Depth (bgs) 1.5 ft 2.5 ft 0.5 ft 3.0 ft 4.0 ft 3.5 ft
Date Sampled 10/30/2000 10/30/2000 10/30/2000 10/30/2000 10/30/2000 10/30/2000
Aroclor 1016 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1221 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1232 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1242 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1248 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1254 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1260 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Total PCB ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)

Notes:
bgs - Below ground surface
ND - Not detected

Note Explaining Data Qualifier:
U - The compound was analyzed for but not detected.  The associated value is the compound 
       quantitation limit.

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER

TABLE 4-8E

OCTOBER 2000 SAMPLES FROM THE SCOTT PROPERTY AREA (mg/kg)
SUMMARY OF PCB ANALYTICAL RESULTS

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SUPERFUND SITE

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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Sample Location DWA-SB-14 DWA-SB-14 DWA-SB-26 DWA-SB-26 DWA-SB-38 DWA-SB-38 DWA-SB-51 DWA-SB-51
Sample ID W70315 W70316 W70317 W70318 W70319 W70320 W70321 W70322
Depth (ft bgs) 12.0 - 13.0 13.0 - 13.8 4.5 - 6.5 6.5 - 7.0 4.0 - 5.1 5.1 - 5.5 7.0 - 8.0 8.0 - 9.0
Media Residuals Soil Residuals Soil Residuals Soil Residuals Soil
Date Sampled 3/31/1999 3/31/1999 3/31/1999 3/31/1999 3/31/1999 3/31/1999 4/1/1999 4/1/1999
Aroclor 1016 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1221 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1232 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1242 23 ND(0.33 U) ND(0.33 U) 25 ND(0.33 U) 22 23 0.39
Aroclor 1248 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Aroclor 1254 3.1 ND(0.33 U) ND(0.33 U) 4.9 ND(0.33 U) 2.2 2.6 ND(0.33 U)
Aroclor 1260 ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U) ND(0.33 U)
Total PCB 26 ND(0.33 U) ND(0.33 U) 30 ND(0.33 U) 24 26 0.39

Notes:
bgs - Below ground surface
ND - Not detected

Note Explaining Data Qualifier:
U - The compound was analyzed for but not detected.  The associated value is the compound quantitation limit.

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER

TABLE 4-11

SAMPLES FROM THE WILLOW BOULEVARD SITE DRAINAGEWAY (mg/kg)
SUMMARY OF PCB ANALYTICAL RESULTS

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SUPERFUND SITE

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY

Page 37 of 50



Range of
Frequency of Concentrations

Compound Detection (ug/L)

Davis Creek2

Total PCB 0 / 3 ND 1.2E-04 2.6E-05

Former Olmstead Creek3

Total PCB 1 / 1 0.17 1.2E-04 [1] 2.6E-05 [1]

Notes:
(1)     From MDEQ, Rule 57 Surface Water Quality Values, 7/23/03.  The number in brackets represents
          the number of sample detections exceeding the criterion.
(2)     Includes results from DCD, DCM, DCU (one duplicate).
(3)     Includes results from OCD.
ND - Not detected

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY

Act 451,
Part 31, Rule 571

TABLE 4-12

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SUMMARY OF PCB CONCENTRATIONS AND SURFACE WATER CRITERIA

Human Cancer Value
(ug/L)

Act 451, 
Part 31, Rule 571

Wildlife Value
(ug/L)
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Range of Arithmetic
Frequency of Concentrations Mean1 95% LCL2 95% UCL2

Compound Detection (ug/L) (ug/L) (ug/L) (ug/L)
Groundwater Sampling Results
Willow Boulevard Site
BBL Total PCB Results4, 5 2 / 21 ND - 1.5 NA NA NA 0.50 A [1] 0.20 M [2]
MDEQ Total PCB Results6 0 / 7 ND NA NA NA 0.50 A 0.20 M

A-Site
BBL Total PCB Results7 11 / 54 ND - 0.18 -- -- 0.18 0.50 A 0.20 M

MDEQ Total PCB Results8 3 / 16 ND - 0.11 0.036 0.022 0.052 0.50 A 0.20 M

Leachate Sampling Results
A-Site
BBL Total PCB Results9, 10 4 / 8 ND - 1.4 0.67 0.28 1.1 0.50 A [2] 0.20 M [4]

Notes:
(1)     One-half the detection limit was used as a proxy concentration for nondetects in the calculation of the arithmetic mean PCB concentration.
(2)     95% lower confidence limit (LCL) and 95% upper confidence limit (UCL) were calculated as outlined in the MDEQ Guidance Document 
          Verification of Soil Remediation (MDEQ, 1994).  One-half the detection limit was used as a proxy concentration for nondetects in the calculation of 
          the UCL and LCL.  When the 95% UCL exceeded the maximum detected concentration, the maximum was used.
(3)     From MDEQ, Part 201 Generic Cleanup Criteria Tables, effective December 21, 2002.  The number in brackets represents the 
         number of sample detections exceeding the criterion.
(4)     Includes results from monitoring wells WMW-1 (three samples), WMW-1A (three samples), WMW-2 (three samples [one duplicate]), 
          WMW-3 (three samples [one duplicate]), WMW-3A (two samples), WMW-3AR (one sample [one duplicate]), WMW-4A (three samples), 
          and WMW-4B (three samples).
(5)     PCB detected within monitoring well WMW-3A can be attributed to the well construction.
(6)     Includes results from monitoring wells WMW-1 (one sample), WMW-2 (one sample), WMW-3 (one sample [one duplicate]), WMW-3AR (one sample),
          WMW-4A (one sample), and WMW-4B (one sample).
(7)     Includes results from monitoring wells AMW-1 (three samples [one duplicate]), AMW-2 (three samples), AMW-3 (three samples), AMW-3A 
          (four samples), AMW-4 (four samples), AMW-5 (three samples), AMW-6A (four samples [one duplicate]), AMW-6B (three samples), 
          AMW-7A (two samples [one sample was rejected]), AMW-7B (three samples), AMW-8A (four samples), AMW-8B (three samples), 
         AMW-9A (four samples), AMW-9B (three samples [one duplicate]), AMW-10A (four samples [three duplicates]), and AMW-10B (four samples).
(8)     Includes results from monitoring wells AMW-1 (one sample), AMW-2 (one sample), AMW-3 (one sample), AMW-3A (one sample), AMW-4 (one sample),
          AMW-5 (one sample), AMW-6A (one sample), AMW-6B (one sample), AMW-7A (one sample), AMW-7B (one sample), AMW-8A (one sample), 
          AMW-8B ((one sample), AMW-9A (one sample), AMW-9B (one sample), AMW-10A (one sample [one duplicate]), and AMW-10B (one sample).
(9)     Includes results from monitoring wells AMW-6P (two samples), AMW-7P (two samples), AMW-9P (two samples), and AMW-10P (two samples).
(10)  PCB detections all occurred within leachate monitoring wells AMW-6P (two detections) and AMW-9P (two detections).

GSI - Groundwater/surface water interface
NA - Calculation of the arithmetic mean and 95% LCL and UCL is not applicable due to small number of detected concentrations (n < 3).
ND - Not detected
--  - The calculated concentration was greater than the maximum detected concentration.

Criterion Notes:
(A)    Criterion is the State of Michigan Drinking Water Standard established pursuant to Section 5 of the Safe Drinking Water Act, Act No. 399 of the
           Public Acts of 1976.
(M)   Calculated criterion is below the analytical Target Detection Limit (TDL); therefore, the criterion defaults to the TDL.

TABLE 4-14

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

Industrial & Commercial II GSI Value
Drinking Water Value (ug/L) (ug/L)

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

IN GROUNDWATER AND LEACHATE SAMPLES
SUMMARY OF PCB CONCENTRATIONS AND CLEANUP CRITERIA

Act 451 Part 201 Generic Cleanup Criteria3

REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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Sample Location WMW-1 WMW-1A WMW-2 WMW-3 WMW-3AR
Sample ID W74109 W74110 W74089 W74095 W74096
Sample Date 11/19/2000 11/19/2000 11/15/2000 11/16/2000 11/16/2000
Aroclor 1232 ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U)
Aroclor 1242 ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U)
Aroclor 1254 ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U)
Total PCB ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U)

Sample Location WMW-3AR (DUP) WMW-4A WMW-4B AMW-1 AMW-2
Sample ID W74097 W74093 W74094 W74106 W74088
Sample Date 11/16/2000 11/16/2000 11/16/2000 11/20/2000 11/15/2000
Aroclor 1232 ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U)
Aroclor 1242 ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U)
Aroclor 1254 ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U)
Total PCB ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U)

Sample Location AMW-3 AMW-3A AMW-3A AMW-4 AMW-4
Sample ID W74112 W74113 W74114 W74107 W74120
Sample Date 11/20/2000 11/20/2000 12/26/2000 11/20/2000 12/28/2000
Aroclor 1232 ND(0.051 U) ND(0.051 U) ND(0.052 U) ND(0.051 U) ND(0.053 U)
Aroclor 1242 ND(0.051 U) 0.069 JN 0.059 ND(0.051 U) 0.038 JN
Aroclor 1254 ND(0.051 U) ND(0.051 U) ND(0.052 U) ND(0.051 U) ND(0.053 U)
Total PCB ND(0.051 U) 0.069 JN 0.059 ND(0.051 U) 0.038 JN

Sample Location AMW-5 AMW-6A AMW-6A AMW-6B AMW-7A
Sample ID W74108 W74104 W74118 W74105 W74100
Sample Date 11/19/2000 11/19/2000 12/27/2000 11/19/2000 11/17/2000
Aroclor 1232 ND(0.051 U) ND(0.051 U) ND(0.052 U) ND(0.051 U) R
Aroclor 1242 ND(0.051 U) 0.066 0.049 JN ND(0.051 U) R
Aroclor 1254 ND(0.051 U) 0.027 J ND(0.052 U) ND(0.051 U) R
Total PCB ND(0.051 U) 0.093 J 0.049 JN ND(0.051 U) R

Sample Location AMW-7B AMW-8A AMW-8A AMW-8B AMW-9A
Sample ID W74101 W74102 W74121 W74103 W74098
Sample Date 11/17/2000 11/18/2000 12/29/2000 11/18/2000 11/17/2000
Aroclor 1232 ND(0.052 U) 0.11 JN ND(0.051 U) ND(0.051 U) ND(0.052 U)
Aroclor 1242 ND(0.052 U) ND(0.051 U) 0.039 J ND(0.051 U) ND(0.052 U)
Aroclor 1254 ND(0.052 U) ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.052 U)
Total PCB ND(0.052 U) 0.11 JN 0.039 J ND(0.051 U) ND(0.052 U)

SUMMARY OF PCB ANALYTICAL RESULTS
2000 GROUNDWATER SAMPLING1 (ug/L)

TABLE 4-16

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT
REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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SUMMARY OF PCB ANALYTICAL RESULTS
2000 GROUNDWATER SAMPLING1 (ug/L)

TABLE 4-16

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT
REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY

Sample Location AMW-9A AMW-9B AMW-10A AMW-10A (DUP) AMW-10A
Sample ID W74119 W74099 W74090 W74091 W74115
Sample Date 12/28/2000 11/17/2000 11/15/2000 11/15/2000 12/27/2000
Aroclor 1232 ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.052 U)
Aroclor 1242 0.18 JN ND(0.051 U) 0.058 0.056 0.050 J
Aroclor 1254 ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.051 U) ND(0.052 U)
Total PCB 0.18 JN ND(0.051 U) 0.058 0.056 0.050 J

Sample Location AMW-10A (DUP) AMW-10B AMW-10B
Sample ID W74116 W74092 W74117
Sample Date 12/27/2000 11/15/2000 12/27/2000
Aroclor 1232 ND(0.055 U) 0.028 JN ND(0.053 U)
Aroclor 1242 0.044 J ND(0.051 U) ND(0.053 U)
Aroclor 1254 ND(0.055 U) ND(0.051 U) ND(0.053 U)
Total PCB 0.044 J 0.028 JN ND(0.053 U)

Notes:
(1)     Shows only the results for compounds detected above the quantitation limit.

DUP - Duplicate sample
ND -    Not detected
R -      The sample results were rejected.
J -       The compound was positively identified; however, the associated numerical value is an estimated
           concentration only.
JN -    The analysis indicates the presence of a compound for which there is presumptive evidence to
            make a tentative identification. The associated numerical value is an estimated concentration only.
U -      The compound was analyzed for but not detected.  The associated value is the compound quantitation limit.
UJ -    The compound was not detected above the reported sample quantitation limit.  However, the reported limit
           is approximate and  may or may not represent the actual limit of quantitation.
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Sample Sample Total
Well ID Date PCB

Willow Boulevard Site
WMW-1 AD11665 11/20/2000 ND(0.050)
WMW-1A AD11659 11/19/2000 ND(0.050)
WMW-2 AD11546 11/15/2000 ND(0.050)
WMW-3 AD11541 11/16/2000 ND(0.050)
WMW-3 (DUP) AD11542 11/16/2000 ND(0.050)
WMW-3AR AD11544 11/16/2000 ND(0.050)
WMW-4A AD11551 11/16/2000 ND(0.050)
WMW-4B AD11552 11/16/2000 ND(0.050)
A-Site
AMW-1 AD11662 11/20/2000 ND(0.050)
AMW-2 AD11545 11/15/2000 ND(0.050)
AMW-3 AD11664 11/20/2000 ND(0.050)
AMW-3A AD11663 11/20/2000 0.058 AD
AMW-4 AD11661 11/20/2000 0.11 AF
AMW-5 AD11658 11/19/2000 ND(0.050)
AMW-6A AD11657 11/19/2000 ND(0.050)
AMW-6B AD11656 11/19/2000 ND(0.050)
AMW-7A AD11601 11/17/2000 ND(0.050)
AMW-7B AD11602 11/17/2000 NA
AMW-8A AD11655 11/18/2000 ND(0.050)
AMW-8B AD11654 11/18/2000 ND(0.050)
AMW-9A AD11600 11/17/2000 0.087 AD
AMW-9B AD11599 11/17/2000 ND(0.050)
AMW-10A AD11549 11/15/2000 ND(0.050)
AMW-10A (DUP) AD11550 11/15/2000 ND(0.050)
AMW-10B AD11547 11/15/2000 ND(0.050)

Notes:
(1)     Groundwater samples were collected by the MDEQ and analyzed at
           Northeast Analytical, Inc.
DUP - Duplicate sample
NA - The sample was not analyzed.
ND - Not detected

Notes Explaining Data Qualifiers:
AD - Aroclor 1242 is being reported as the best Aroclor match.  The 
          sample exhibits an altered PCB pattern.
AF - Aroclor 1254 is being reported as the best Aroclor match.  The 
          sample exhibits an altered PCB pattern.

SUMMARY OF PCB ANALYTICAL RESULTS
MDEQ NOVEMBER 2000 GROUNDWATER SAMPLES1 (ug/L)

TABLE 4-16A

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER
SUPERFUND SITE

WILLOW BOULEVARD/A-SITE OPERABLE UNIT
REMEDIAL INVESTIGATION/FOCUSED FEASIBILITY STUDY
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02/01 SYR-D54-DJH LBR
64581500/64581f02.cdr

TIME LINE OF WILLOW BOULEVARD/
A-SITE ACTIVITIES AND

DOCUMENT SUBMISSIONS

July 1992
Description of the
Current Situation
(DCS)

November 1990
Willow Boulevard Site cap revised
to comply with ACT 641 and
ACT 307, proposed in
Interim Remedial Action Plan

July 1993
RI/FFS Work
Plan

August 1996
Agreement to Allow
Presumptive Remedy

August 1996
Installation and Sampling
of Replacement
Groundwater Monitoring
Well

January 1997
Action Plan for
WB/A-OU

May 1994
Tech. Memo 5
(Air Investigation)

November 1997
Conditional MDEQ Approval of
Proposed Plan

February and
April 1995
Tech. Memo 9
(Site Investigation)

December 1997
Comments/Revisions of Proposed Plan

May 1998
MDEQ-Proposed RI/FFS Final Text

August-September 1998
USEPA Comments on Draft RI/FFS

October 1998
BBL Screening Evaluation of

ConsolidationResiduals

February 1999
Work Plan for Additional Sampling
(Area south of A-Site, Willow Boulevard Site
Drainageway, residential)

1

1
May 1998
RI/FFS Draft
Per MDEQ

March 1998
Proposed remedial activity at the
A-Site to stabilize the banks via sheetpile

March 1998
Work Plan for AMW-3A
Area Investigation

July 1998
MDEQ Recommends
Evaluation of
Removal Alternative

September 1998
Conditional approval
to construct
retaining wall

August 1999
Work Plan for potential
residuals removal

April 1993
Addendum to DCS

1992
A-Site fence installed
and area reseeded

December 1990
Administrative Order
by Consent signed

April 1988
Georgia-Pacific proposed capping
Willow Boulevard Site-Report on
Management Options

1988
Surficial soil for PCBsamples analyzed

April 1987
PCB first detected at A-Site

January 1997
Draft RI/FFS

July 1997
Draft Final RI/FFS

October 1997
Proposed Plan

December 1997
Work Plan for Subsurface
investigation at AMW-3A Area

February 1996
Addendum to Tech.
Memo 9
(Groundwater
Sampling)

August 1995
Addendum to Work Plan
(Additional Groundwater
Sampling)

July 1999
Revised RI/FFS Draft
(Includes Evaluation of Removal Alternative)

June 2000
MDEQ Comments
on 7/99 RI/FFS Draft

June 2000
Work Plan for residual removal
at Lot 17, 2905 Carelton Avenue
(Scott Property)

March 2000
Removal Action Summary

March 2001
Revised RI/FFS Draft

November 1999
Work Plan for interim remedial
activity at WB/A-OU (removal of
residuals from confluence of Olmstead Creek)

June 1986
PCB first detected at
Willow Boulevard Site

April 1987
Erosion control installed along Willow
Boulevard riverbank, fencing installed,
and sampling began

1992199119901989198819871986 1993 1994 1995 1996 1997 1998 1999 2000 2001

July and August 1987
Lakewood Area for PCBsamples analyzed

February and March 1988
Groundwater samples analyzed for PCB

1987
Residential well for
scan 1, 2, & 3 parameters

samples analyzed

1990
Groundwater for PCDD/PCDFsamples analyzed

February 1990
Residual samples analyzed for PCDD/PCDF

July and August 1987
Worm diggers' blood serum for PCBsamples analyzed

MDNR acknowledges proposed
capping of Willow Boulevard is
technically feasible, consistent with
SWQ standards, and protective of
public health and the environment

December 1989

FIGURE

KALAMAZOO RIVER STUDY GROUP
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

Presumptive remedy and streamlined approach intact1
Note:

December 2000
Groundwater samples analyzed

April 1987
Surface water samples analyzed

July 1990
Soil samples analyzed

June-August 1993
Air samples analyzed

July 1993
Sediment samples analyzed

July 1993
Surface water samples analyzed

July-September 1993
Residuals and soil samples analyzed

August 1993
Sediment samples from river adjacent to site analyzed

October 1993
Groundwater samples analyzed

August 1995
Groundwater samples analyzed

May 1998
Residential soil samples
analyzed (Wadsworth)

November 1999-March 2000
Air monitored during IRA

November 2000
Groundwater samples analyzed

December 1998
Work Plan for
Additional Sampling
(AMW-3A area)



































Appendix A-2

Data from Technical Memorandum 9









Appendix A-3

Field Notes and Laboratory Results 
from Geotechnical Investigation

(Provided in electronic format only)





































































DIRECT SHEAR TEST REPORT

MATERIALS TESTING CONSULTANTS, INC.

Client: Arcadis U.S., Inc.

Project: Willow Boulevard

Location: GT-AS-5

Sample Number: 38740 Depth: 4-6'

Proj. No.: 091550 Date Sampled: 

Sample Type: Remolded SPT Sample

Description: Silty Sand

Specific Gravity= 2.526

Remarks: Organic Material Observed
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DIRECT SHEAR TEST REPORT

MATERIALS TESTING CONSULTANTS, INC.

Client: Arcadis U.S., Inc.

Project: Willow Boulevard

Location: GT-WB-1

Sample Number: 38744 Depth: 8-10'

Proj. No.: 091550 Date Sampled: 

Sample Type: 

Description: Poorly Graded Sand

Specific Gravity= 2.583

Remarks:

Figure
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Water Content, %
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Checked By: 

TRIAXIAL SHEAR TEST REPORT

MATERIALS TESTING CONSULTANTS, INC.

Client: Arcadis U.S., Inc.

Project: Willow Boulevard

Location: GT-WB-4

Sample Number: 38752 Depth: 10-12'

Proj. No.: 091550 Date Sampled: 

Type of Test: 
CU with Pore Pressures

Sample Type: 

Description: Waste

Specific Gravity= 2.553

Remarks:

Figure
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Checked By: 

Client: Arcadis U.S., Inc.

Project: Willow Boulevard

Location: GT-WB-4 Depth: 10-12' Sample Number: 38752

Project No.: 091550 Figure MATERIALS TESTING CONSULTANTS, INC.
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DIRECT SHEAR TEST REPORT

MATERIALS TESTING CONSULTANTS, INC.

Client: Arcadis U.S., Inc.

Project: Willow Boulevard

Location: GT-WB-4

Sample Number: 38753 Depth: 18-20'

Proj. No.: 091550 Date Sampled: 

Sample Type: 

Description: Poorly Graded Sand

Specific Gravity= 2.722

Remarks:

Figure
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-AS-1 Depth: 12-14' Sample Number: 38735

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

0.4745 0.2893 0.2415 0.1562 0.0943

Poorly Graded Sand with Silt SP-SM

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-AS-2 Depth: 28-30' Sample Number: 38737

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

6.7076 2.8061 1.6929 0.3709 0.2208 0.1752 0.28 16.02

Poorly Graded Sand with Silt and Gravel SP-SM

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-AS-3 Depth: 2-4' Sample Number: 38738

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

0.3149 0.1547 0.1055

Silty Clayey Sand SC-SM

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-AS-3 Depth: 20-22' Sample Number: 38739

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

8.6215 0.4900 0.3599 0.1485 0.0879

Poorly Graded Sand with Silt and Gravel SP-SM

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-AS-5 Depth: 4-6' Sample Number: 38740

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

0.4503 0.2343 0.1868 0.1277

Silty Sand SM

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-AS-5 Depth: 20-22' Sample Number: 38741

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

0.2767 0.1888 0.1693 0.1374 0.1101 0.0968 1.03 1.95

Poorly Graded Sand with Silt SP-SM

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-AS-7 Depth: 4-6' Sample Number: 38742

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

1.5708 0.4491 0.3630 0.2412 0.1348 0.0830 1.56 5.41

Poorly Graded Sand with Silt SP-SM

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-AS-7 Depth: 22-24' Sample Number: 38743

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

6.4273 0.7525 0.4218 0.2339 0.1694 0.1504 0.48 5.00

Poorly Graded Sand with Gravel SP

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-WB-1 Depth: 8-10' Sample Number: 38744

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

0.5712 0.3719 0.3349 0.2696 0.2066 0.1764 1.11 2.11

Poorly Graded Sand SP

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-WB-2 Depth: 22-24' Sample Number: 38747

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

4.1894 0.1571 0.1350 0.0957

Silty Sand SM

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-WB-3 Depth: 8-10' Sample Number: 38748

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

0.3151 0.1328

Sandy Elastic Silt MH

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-WB-3 Depth: 14-16' Sample Number: 38749

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

0.9510 0.3127 0.2500 0.1699 0.1330 0.1115 0.83 2.80

Poorly Graded Sand with Silt SP-SM

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-WB-3 Depth: 22-24' Sample Number: 38750

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

11.8961 1.4556 0.4980 0.2502 0.1938 0.1733 0.25 8.40

Poorly Graded Sand with Gravel SP

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-WB-4 Depth: 18-20' Sample Number: 38753

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

0.3569 0.2239 0.2041 0.1728 0.1499 0.1384 0.96 1.62

Poorly Graded Sand SP

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-WB-5 Depth: 24-26' Sample Number: 38754

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

1.2990 0.1536 0.1010

Silty Sand SM

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-WB-6 Depth: 6-8' Sample Number: 38755

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

0.4125 0.1923 0.1525

Silty Sand SM

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-WB-7 Depth: 10-12' Sample Number: 38756

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

0.9759 0.2496 0.1623

Silty Sand SM

091550 Arcadis U.S., Inc.
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LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: GT-WB-8 Depth: 6-8' Sample Number: 38757

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

0.5766 0.2639 0.1726

Silty Sand SM

091550 Arcadis U.S., Inc.
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Moisture LL PL PI
GT-AS-1 12-14 38735 18.6% SP-SM
GT-AS-2 6-8 38736 59.4% 2.31 Complete Complete
GT-AS-2 28-30 38737 11.2% SP-SM
GT-AS-3 2-4 38738 56.7% 64 48 16 MH
GT-AS-3 20-22 38739 18.2% SP-SM 2.670
GT-AS-5 4-6 38740 25.9% SM 2.526 Complete
GT-AS-5 20-22 38741 23.2% SP-SM 2.696
GT-AS-7 4-6 38742 12.5% SP-SM
GT-AS-7 22-24 38743 13.9% SP 2.680
GT-WB-1 8-10 38744 18.3% SP 2.583 Complete
GT-WB-2 6-8 38745 66.6% 77 54 23 2.398
GT-WB-2 14-16 38746 95.3% 106 75 31 2.175
GT-WB-2 22-24 38747 19.5% SM
GT-WB-3 8-10 38748 81.4% 79 54 25 MH
GT-WB-3 14-16 38749 37.1% NP NP NP SP-SM
GT-WB-3 22-24 38750 14.1% SP
GT-WB-4 2-4 38751 39.7% 60 40 20
GT-WB-4 10-12 38752 53.5% 62 45 17 2.553 Complete Complete
GT-WB-4 18-20 38753 26.3% SP 2.722 Complete
GT-WB-5 24-26 38754 15.5% SM 2.775
GT-WB-6 6-8 38755 39.9% 62 46 16 SM
GT-WB-7 10-12 38756 52.0% 74 54 20 SM
GT-WB-8 6-8 38757 47.9% 64 43 21 SM

Direct ShearBoring Depth (ft) Lab No.
Moisture Atterberg Limits

USCS Gs Triaxial CU Consolidation



TRIAXIAL SHEAR TEST REPORT

MATERIALS TESTING CONSULTANTS, INC.

Client: Arcadis U.S., Inc.

Project: Willow Boulevard

Location: GT-AS-2

Sample Number: 38736 Depth: 6-8'

Proj. No.: 091550 Date Sampled: 

Type of Test: 

CU with Pore Pressures

Sample Type: Undisturbed - Shelby Tube

Description: Waste

Specific Gravity= 2.310

Remarks:

Figure

Sample No.
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Client: Arcadis U.S., Inc.

Project: Willow Boulevard

Location: GT-AS-2 Depth: 6-8' Sample Number: 38736

Project No.: 091550 Figure MATERIALS TESTING CONSULTANTS, INC.
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Appendix A-4

Laboratory Results from PCB 
Sampling Investigation

(Provided in electronic format only)





30 Community Drive, Suite 11    South Burlington, VT 05403   tel 802.660.1990   fax 802.660.1919   www.testamericainc.com 
 

 
TestAmerica Laboratories, Inc. 

 
 
March 23, 2010 
 
 
Mr. Dennis Capria 
ARCADIS U.S.,INC 
6723 Towpath Road 
Syracuse, NY 13214 
 
Re:  Laboratory Project No. KZOO 
Case: KZOO; SDG: KAL535                                           
 
Dear Mr. Capria: 
 
Enclosed are the analytical results for the samples that were received by TestAmerica 
Burlington on February 27th, 2010.  Laboratory identification numbers were assigned, and 
designated as follows: 
 
  Client Sample Sample 
 Lab ID Sample ID Date Matrix 
 
      Received:  02/27/10  ETR No:  136253 
 
 822062 W70488 02/25/10 SOIL 
 822063 W70489 02/25/10 SOIL 
 822064 W70490 02/25/10 SOIL 
 822065 W70485 02/25/10 SOIL 
 822066 W70486 02/25/10 SOIL 
 822067 W70487 02/25/10 SOIL 
 822068 W70454 02/24/10 SOIL 
 822069 W70455 02/24/10 SOIL 
 822070 W70456 02/24/10 SOIL 
 822071 W70451 02/24/10 SOIL 
 822072 W70452 02/24/10 SOIL 
 822073 W70453 02/24/10 SOIL 
 822074 W70449 02/24/10 SOIL 
 822075 W70450 02/24/10 SOIL 
 822076 W70446 02/24/10 SOIL 
 822077 W70447 02/24/10 SOIL 
 822078 W70448 02/24/10 SOIL 
 822079 W70443 02/24/10 SOIL 
 822080 W70444 02/24/10 SOIL 
 822081 W70445 02/24/10 SOIL 
 822081MS W70445MS 02/24/10 SOIL 
 822081MD W70445MSD 02/24/10 SOIL 
 



Documentation of the condition of the samples at the time of their receipt and any exception to 
the laboratory's Sample Acceptance Policy is documented in the Sample Handling section of 
this submittal.  Note that the client sample identifications were changed after sample receipt 
from those on the Chain of Custody form to those provided in an Email, which is filed in the 
Sample Handling section of this case submittal. 
 
The analysis of sample W70447 yielded recovery of surrogate tetrachloro-m-xylene marginally 
below the control criteria on one of the two analytical columns. 
 
Due to the close similarity between Aroclors 1016 and 1242, the automated PCB quantification 
algorithm occasionally identifies both Aroclors, or just Aroclor 1016.  Based on the historical 
approach to this situation for the project, any software reports identified as Aroclor 1016 are 
actually reported as Aroclor 1242.  Although the software report still identifies the Aroclor 1016, 
the final reporting form and EDD will only reflect the cumulative result for Aroclor 1242. 
 
Any reference within this report to Severn Trent Laboratories, Inc. or STL, should be understood 
to refer to TestAmerica Laboratories, Inc. (formerly known as Severn Trent Laboratories, Inc.)  
The analytical results associated with the samples presented in this test report were generated 
under a quality system that adheres to requirements specified in the NELAC standard.  Release 
of the data in this test report and any associated electronic deliverables is authorized by the 
Laboratory Director's designee as verified by the following signature. 
If there are any questions regarding this submittal, please contact me at 802 660-1990. 
 
Sincerely, 

 
Jim Madison 
Project Manager 
 
 
 
 

































































































































30 Community Drive, Suite 11    South Burlington, VT 05403   tel 802.660.1990   fax 802.660.1919   www.testamericainc.com 
 

 
TestAmerica Laboratories, Inc. 

 
 
March 23, 2010 
 
 
Mr. Dennis Capria 
ARCADIS U.S.,INC 
6723 Towpath Road 
Syracuse, NY 13214 
 
Re:  Laboratory Project No. KZOO 
Case: KZOO; SDG: KAL536                                           
 
Dear Mr. Capria: 
 
Enclosed are the analytical results for the samples that were received by TestAmerica 
Burlington on February 27th, 2010.  Laboratory identification numbers were assigned, and 
designated as follows: 
 
  Client Sample Sample 
 Lab ID Sample ID Date Matrix 
 
      Received:  02/27/10  ETR No:  136254 
 
 822082 W70474 02/23/10 SOIL 
 822083 W70475 02/23/10 SOIL 
 822084 W70476 02/23/10 SOIL 
 822085 W70477 02/23/10 SOIL 
 822086 W70478 02/23/10 SOIL 
 822087 W70479 02/23/10 SOIL 
 822088 W70480 02/23/10 SOIL 
 822089 W70481 02/23/10 SOIL 
 822090 W70471 02/23/10 SOIL 
 822091 W70472 02/23/10 SOIL 
 822092 W70473 02/23/10 SOIL 
 822093 W70470 02/23/10 SOIL 
 822094 W70467 02/23/10 SOIL 
 822095 W70468 02/23/10 SOIL 
 822096 W70469 02/23/10 SOIL 
 822097 W70466 02/23/10 SOIL 
 822098 W70465 02/23/10 SOIL 
 822099 W70463 02/23/10 SOIL 
 822100 W70464 02/23/10 SOIL 
 822101 W70460 02/23/10 SOIL 
 822101MS W70460MS 02/23/10 SOIL 
 822101MD W70460MSD 02/23/10 SOIL 
 



Documentation of the condition of the samples at the time of their receipt and any exception to 
the laboratory's Sample Acceptance Policy is documented in the Sample Handling section of 
this submittal.  Note that the client sample identifications were changed after sample receipt 
from those on the Chain of Custody form to those provided in an Email, which is filed in the 
Sample Handling section of this case submittal. 
 
The analysis of sample W70447 yielded recovery of surrogate tetrachloro-m-xylene marginally 
below the control criteria on one of the two analytical columns. 
 
Due to the close similarity between Aroclors 1016 and 1242, the automated PCB quantification 
algorithm occasionally identifies both Aroclors, or just Aroclor 1016.  Based on the historical 
approach to this situation for the project, any software reports identified as Aroclor 1016 are 
actually reported as Aroclor 1242.  Although the software report still identifies the Aroclor 1016, 
the final reporting form and EDD will only reflect the cumulative result for Aroclor 1242. 
 
Any reference within this report to Severn Trent Laboratories, Inc. or STL, should be understood 
to refer to TestAmerica Laboratories, Inc. (formerly known as Severn Trent Laboratories, Inc.)  
The analytical results associated with the samples presented in this test report were generated 
under a quality system that adheres to requirements specified in the NELAC standard.  Release 
of the data in this test report and any associated electronic deliverables is authorized by the 
Laboratory Director's designee as verified by the following signature. 
If there are any questions regarding this submittal, please contact me at 802 660-1990. 
 
Sincerely, 

 
Jim Madison 
Project Manager 
 
 
 
 
 















































































































































30 Community Drive, Suite 11    South Burlington, VT 05403   tel 802.660.1990   fax 802.660.1919   www.testamericainc.com 
 

 
TestAmerica Laboratories, Inc. 

 
March 29, 2010 
 
Mr. Dennis Capria 
ARCADIS U.S.,INC 
6723 Towpath Road 
Syracuse, NY 13214 
 
Re:  Laboratory Project No. KZOO 
Case: KZOO; SDG: KAL537                                           
 
Dear Mr. Capria: 
 
Enclosed are the analytical results for the samples that were received by TestAmerica 
Burlington on February 27th, 2010.  Laboratory identification numbers were assigned, and 
designated as follows: 
 
  Client Sample Sample 
 Lab ID Sample ID Date Matrix 
 
      Received:  02/27/10  ETR No:  136255 
 
 822102 W70461 02/23/10 SOIL 
 822103 W70462 02/23/10 SOIL 
 822104 W70459 02/23/10 SOIL 
 822105 W70457 02/23/10 SOIL 
 822106 W70458 02/23/10 SOIL 
 822107 W70482 02/23/10 SOIL 
 822108 W70483 02/23/10 SOIL 
 822109 W70484 02/23/10 SOIL 
 822110 W70440 02/24/10 SOIL 
 822111 W70441 02/24/10 SOIL 
 822112 W70442 02/24/10 SOIL 
 822113 W70438 02/24/10 SOIL 
 822114 W70439 02/24/10 SOIL 
 822115 W70435 02/24/10 SOIL 
 822116 W70436 02/24/10 SOIL 
 822117 W70437 02/24/10 SOIL 
 822117MS W70437MS 02/24/10 SOIL 
 822117MD W70437MSD 02/24/10 SOIL 
 
Documentation of the condition of the samples at the time of their receipt and any exception to 
the laboratory's Sample Acceptance Policy is documented in the Sample Handling section of 
this submittal.  Note that the client sample identifications were changed after sample receipt 
from those on the Chain of Custody form to those provided in an Email, which is filed in the 
Sample Handling section of this case submittal. 
 



Due to the close similarity between Aroclors 1016 and 1242, the automated PCB quantification 
algorithm occasionally identifies both Aroclors, or just Aroclor 1016.  Based on the historical 
approach to this situation for the project, any software reports identified as Aroclor 1016 are 
actually reported as Aroclor 1242.  Although the software report still identifies the Aroclor 1016, 
the final reporting form and EDD will only reflect the cumulative result for Aroclor 1242. 
 
Any reference within this report to Severn Trent Laboratories, Inc. or STL, should be understood 
to refer to TestAmerica Laboratories, Inc. (formerly known as Severn Trent Laboratories, Inc.)  
The analytical results associated with the samples presented in this test report were generated 
under a quality system that adheres to requirements specified in the NELAC standard.  Release 
of the data in this test report and any associated electronic deliverables is authorized by the 
Laboratory Director's designee as verified by the following signature. 
If there are any questions regarding this submittal, please contact me at 802 660-1990. 
 
Sincerely, 

 
Jim Madison 
Project Manager 
 
 
 
 
 
 





























































































































30 Community Drive, Suite 11    South Burlington, VT 05403   tel 802.660.1990   fax 802.660.1919   www.testamericainc.com 
 

 
TestAmerica Laboratories, Inc. 

 
 
March 29, 2010 
 
Mr. Dennis Capria 
ARCADIS U.S.,INC 
6723 Towpath Road 
Syracuse, NY 13214 
 
Re:  Laboratory Project No. KZOO 
Case: KZOO; SDG: KAL539                                           
 
Dear Mr. Capria: 
 
Enclosed are the analytical results for the samples that were received by TestAmerica 
Burlington on February 27th, 2010.  Laboratory identification numbers were assigned, and 
designated as follows: 
 
  Client Sample Sample 
 Lab ID Sample ID Date Matrix 
 
      Received:  02/27/10  ETR No:  136251 
 
 822022 W70432 02/25/10 SOIL 
 822023 W70433 02/25/10 SOIL 
 822024 W70434 02/25/10 SOIL 
 822025 W70429 02/25/10 SOIL 
 822026 W70430 02/25/10 SOIL 
 822027 W70431 02/25/10 SOIL 
 822028 W70426 02/25/10 SOIL 
 822029 W70427 02/25/10 SOIL 
 822030 W70428 02/25/10 SOIL 
 822031 W70520 02/25/10 SOIL 
 822032 W70521 02/25/10 SOIL 
 822033 W70517 02/25/10 SOIL 
 822034 W70518 02/25/10 SOIL 
 822035 W70519 02/25/10 SOIL 
 822036 W70514 02/25/10 SOIL 
 822037 W70515 02/25/10 SOIL 
 822038 W70516 02/25/10 SOIL 
 822039 W70512 02/25/10 SOIL 
 822040 W70513 02/25/10 SOIL 
 822041 W70509 02/25/10 SOIL 
 822041MS W70509MS 02/25/10 SOIL 
 822041MD W70509MSD 02/25/10 SOIL 
 



Documentation of the condition of the samples at the time of their receipt and any exception to 
the laboratory's Sample Acceptance Policy is documented in the Sample Handling section of 
this submittal.  Note that the client sample identifications were changed after sample receipt 
from those on the Chain of Custody form to those provided in an Email, which is filed in the 
Sample Handling section of this case submittal. 
 
The PCB analyses of several samples in this delivery group were accomplished at dilutions to 
provide for quantification of all target Aroclors from concentrations within calibration range.  To 
facilitate use of the automated PCB quantification algorithm, surrogates were re-fortified into 
samples W70520, W70519 and W70514 prior to analysis.  Raw data from the screen analyses 
for these samples is provided in the sample preparation section to illustrate extraction efficiency 
with the original surrogates.   
 
Due to the close similarity between Aroclors 1016 and 1242, the automated PCB quantification 
algorithm occasionally identifies both Aroclors, or just Aroclor 1016.  Based on the historical 
approach to this situation for the project, any software reports identified as Aroclor 1016 are 
actually reported as Aroclor 1242.  Although the software report still identifies the Aroclor 1016, 
the final reporting form and EDD will only reflect the cumulative result for Aroclor 1242. 
 
Any reference within this report to Severn Trent Laboratories, Inc. or STL, should be understood 
to refer to TestAmerica Laboratories, Inc. (formerly known as Severn Trent Laboratories, Inc.)  
The analytical results associated with the samples presented in this test report were generated 
under a quality system that adheres to requirements specified in the NELAC standard.  Release 
of the data in this test report and any associated electronic deliverables is authorized by the 
Laboratory Director's designee as verified by the following signature. 
If there are any questions regarding this submittal, please contact me at 802 660-1990. 
 
Sincerely, 

 
Jim Madison 
Project Manager 
 
 
 















































































































































30 Community Drive, Suite 11    South Burlington, VT 05403   tel 802.660.1990   fax 802.660.1919   www.testamericainc.com 
 

 
TestAmerica Laboratories, Inc. 

 
 
March 29, 2010 
 
Mr. Dennis Capria 
ARCADIS U.S.,INC 
6723 Towpath Road 
Syracuse, NY 13214 
 
Re:  Laboratory Project No. KZOO 
Case: KZOO; SDG: KAL534                                           
 
Dear Mr. Capria: 
 
Enclosed are the analytical results for the samples that were received by TestAmerica 
Burlington on February 27th, 2010.  Laboratory identification numbers were assigned, and 
designated as follows: 
 
  Client Sample Sample 
 Lab ID Sample ID Date Matrix 
 
      Received:  02/27/10  ETR No:  136252 
 
 822042 W70510 02/25/10 SOIL 
 822043 W70511 02/25/10 SOIL 
 822044 W70506 02/25/10 SOIL 
 822045 W70507 02/25/10 SOIL 
 822046 W70508 02/25/10 SOIL 
 822047 W70503 02/25/10 SOIL 
 822048 W70504 02/25/10 SOIL 
 822049 W70505 02/25/10 SOIL 
 822050 W70500 02/25/10 SOIL 
 822051 W70501 02/25/10 SOIL 
 822052 W70502 02/25/10 SOIL 
 822053 W70497 02/25/10 SOIL 
 822054 W70498 02/25/10 SOIL 
 822055 W70499 02/25/10 SOIL 
 822056 W70494 02/25/10 SOIL 
 822057 W70495 02/25/10 SOIL 
 822058 W70496 02/25/10 SOIL 
 822059 W70491 02/25/10 SOIL 
 822060 W70492 02/25/10 SOIL 
 822061 W70493 02/25/10 SOIL 
 822061MS W70493MS 02/25/10 SOIL 
 822061MD W70493MSD 02/25/10 SOIL 
 



Documentation of the condition of the samples at the time of their receipt and any exception to 
the laboratory's Sample Acceptance Policy is documented in the Sample Handling section of 
this submittal.  Note that the client sample identifications were changed after sample receipt 
from those on the Chain of Custody form to those provided in an Email, which is filed in the 
Sample Handling section of this case submittal. 
 
The PCB analyses of several samples in this delivery group were accomplished at dilutions to 
provide for quantification of all target Aroclors from concentrations within calibration range.  To 
facilitate use of the automated PCB quantification algorithm, surrogates were re-fortified into 
samples W70494, W70495, W70496, W70492 and W70493 prior to analysis.  Raw data from 
the screen analyses for these samples is provided in the sample preparation section to illustrate 
extraction efficiency with the original surrogates.  The matrix spikes fortified into sample 
W70493 were diluted below contribution levels resulting in the appearance of recoveries outside 
control criteria.  The blank spike sample did yield acceptable recoveries. 
 
Due to the close similarity between Aroclors 1016 and 1242, the automated PCB quantification 
algorithm occasionally identifies both Aroclors, or just Aroclor 1016.  Based on the historical 
approach to this situation for the project, any software reports identified as Aroclor 1016 are 
actually reported as Aroclor 1242.  Although the software report still identifies the Aroclor 1016, 
the final reporting form and EDD will only reflect the cumulative result for Aroclor 1242. 
 
Any reference within this report to Severn Trent Laboratories, Inc. or STL, should be understood 
to refer to TestAmerica Laboratories, Inc. (formerly known as Severn Trent Laboratories, Inc.)  
The analytical results associated with the samples presented in this test report were generated 
under a quality system that adheres to requirements specified in the NELAC standard.  Release 
of the data in this test report and any associated electronic deliverables is authorized by the 
Laboratory Director's designee as verified by the following signature. 
If there are any questions regarding this submittal, please contact me at 802 660-1990. 
 
Sincerely, 

 
Jim Madison 
Project Manager 
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Introduction
Background
The Indiana bat is a small 6–10 gram, insectivorous bat that ranges across much
of the eastern United States. This species hibernates in a limited number of
mines and caves, primarily in the karst regions of Missouri, Kentucky, and Indiana
(USFWS, 2007). Some hibernacula contain up to 100,000 Indiana bats, and at
one time, more than 90% of the known population hibernated in just three caves
and one mine. Known populations declined drastically during the 1960s because
of disturbance while hibernating and because human alteration of some
hibernation sites modified the cave microclimate (Richter et al., 1993). This lack
of suitable hibernacula (critical habitat) and severe declines in size of wintering
populations were the reasons that the Indiana bat was placed on the federal list of
endangered species in 1967 (Humphrey, 1978; USFWS, 2007). Hibernating
Indiana bats are now well protected, but the species continues to decline at an
alarming rate (Clawson, 2002). Overall, hibernating populations have fallen by
56% since the species was listed, and the decline since 1980 alone has reached
a staggering 80% in some areas. Furthermore, the introduction of white-nose
syndrome into hibernating populations has led to further declines in the Northeast
(A. Hicks, pers. comm.; Blehart et al., 2009; Frick et al., 2010), and this fungus
ultimately will impact the species throughout its range.

Biology of the Indiana Bat in Summer
During warm-weather months, male Indiana bats generally are solitary,

roosting in trees or perhaps caves on occasion (Carter et al., 2001; Hall, 1962).
Female Indiana bats, in contrast, gather in small maternity colonies, usually
containing less than 100 adults, at sites where they give birth and raise their
single young to maturity (Kurta, 2005). Indiana bats typically roost underneath
the loose bark of dead trees, but sometimes, the bark of living trees, such as
shagbark hickories, is used. Maternity colonies occasionally occupy narrow
crevices within the trunk of a dead tree, but unlike many other species of bat,
Indiana bats do not form maternity colonies in tree hollows (cavities) that were
created by rot or woodpeckers. A colony of Indiana bats may use over 20 roost
trees in a single season, although one or two trees (primary roosts) usually
shelter most of the colony at any one time. Although roost trees most often occur
in clumps, with different trees only 1 to 100 meters apart, alternate roosts may be
separated by a few miles (Callahan et al., 1997; Carter, 2003; Kurta, 2005; Kurta
et al., 1996, 2002).

Types of dead trees that are most frequently used as roosts are oaks,
hickories, maples, elms, and ashes (Kurta, 2005). Preferred trees are not
obstructed by vines or small branches, are in early-to-mid stages of decay, and
receive large amounts of sunlight, presumably creating a warm microclimate for
this essentially southern species. Maternity colonies concentrate their roosting in
large trees, particularly those that are greater than 9 inches (22 cm) in diameter
(Gardner et al., 1991); the average diameter of trees that are used is 18 inches
(45 cm; Kurta, 2005). Roosts are typically located in forests with low-to-
moderate subcanopy, and are often in or near riparian woodlands or other
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forested wetlands (Callahan et al., 1997; Gardner et al., 1991; Humphrey et al.,
1977; Kurta et al., 1993a, 1993b, 1996, 2002; Rommé et al., 1995). Indiana bats
often use the same tree in multiple years and are highly loyal to their home
range, moving from tree to tree as once-suitable roosts lose bark, decay, and fall
over (Kurta and Murray, 2002). Indiana bats migrate up to 356 miles (575
kilometers) to suitable hibernation sites for the winter (Kurta, 1980; Kurta and
Murray, 2002; Winhold and Kurta, 2006).

Limited data from radio-tracking and light-tagging suggest that these
insectivorous bats often forage in areas of open forest, above and below the
canopy (Brack, 1985; Gardner et al., 1991), although they occasionally hunt in
more open habitats (Gardner et al., 1991; Kurta and Whitaker, 1998; Murray,
1999; Sparks et al., 2005a, 2005b). Diet primarily consists of flies, caddisflies,
moths, and beetles (Kurta and Whitaker, 1998; Murray and Kurta, 2002).
Foraging areas are often 1.25 to 2.5 miles (2–4 km) from a roost tree and
occasionally farther (Gardner et al., 1991; Murray and Kurta, 2004; Sparks et al.,
2005). Indiana bats apparently prefer not to cross large, open expanses of land
and travel considerable distances out of their way to follow wooded corridors
between roosts and other sites that are used for foraging, drinking, or roosting
(Murray and Kurta, 2004; Winhold et al., 2005; Sparks et al., 2005b). Drinking
water is most likely obtained on the wing, with the bat dipping its mouth into a
pool of water as the animal flies (Taylor and Tuttle, 2007). Indiana bats rest
(night roost) between foraging bouts for short periods, often in trees but also
under bridges (Kiser et al., 2002; Murray and Kurta, 2004).

Proposed Action
Georgia Pacific intends to stabilize the superficial layers of two landfills

along the Kalamazoo River, near the site of a former paper-making factory (Figs.
1–2).

Previous Records of Indiana Bats near the Proposed Action
Although there are no records of the Indiana bat in Kalamazoo Co., there

are many recent records in surrounding counties (Kurta and Rice, 2002), and the
closest sites are less than 20 miles away. In 2005, a maternity colony was
discovered in Convis Township, near Bedford, in Calhoun Co., and two lactating
females were netted in Almena Township, Van Buren Co. (Winhold, 2007). In
addition, an intensively studied colony of Indiana bats exists along the
Thornapple River, near Vermontville, Eaton Co., about 35 miles northeast of the
landfills (Kurta et al., 1996), and two adult males were captured about 40 miles
north of Kalamazoo, in Woodland Township, Barry Co., in June 2006 (Winhold,
2007).

Purpose of Study
Stabilizing the landfills may require removal of trees to rearrange the soil

or for staging areas. Therefore, the purpose of this study was to determine
whether such actions might have an effect on the endangered Indiana bat.
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METHODS
I made a qualitative investigation of the overall habitat, based on the

literature and my experience with this bat in Michigan. Factors that I consider in
the overall evaluation of a habitat include:

1) availability of open water (ponds, streams, etc.) at the site or nearby;
2) extent and openness of the forest;
3) availability of flight space to provide access to roosts and foraging habitat;
4) abundance of trees of species often used as maternity roosts;
5) approximate size (diameter) of trees;
6) abundance of trees suitable for roosting right now (i.e., dead with peeling

bark, moderate-to-high sunlight, absence of vines and other obstructions,
sufficient diameter, and/or early-to-mid stage of decay); and

7) degree of human-caused disturbance.

RESULTS
I visited the site on 20 October 2010, with Mike Kohagen of Arcadis. The

site contains two landfills––the “Willow Boulevard Landfill” and the “A-site
Landfill” (Figs. 1–2). Davis Creek runs north-south through the eastern end of
the property, and Olmstead Creek runs approximately southeast to northwest;
however, the flow of Olmstead Creek appears to have been artificially blocked,
with waters now channeled through Davis Creek. The “former” Olmstead Creek
is just a low-lying depression along the northern border of the area; there are a
few wet spots in the depression, but water no longer flows through this drainage.
The Willow Creek Boulevard Landfill is bordered on its south by a shallow trench
(Willow Boulevard Drainage) that channels runoff to the old outlet of Olmstead
Creek and into the Kalamazoo River.

The project area is bordered on the north by the Kalamazoo River, which is
over 150-feet wide, and on the north bank, there is an extensive band of what
appeared to be (through binoculars from across the river and on aerial
photographs) an extensive floodplain forest with mature trees and river
backwaters over which bats could forage. On the south side, the property was
bordered by residential and light-industrial properties. To the west is a block of
woods and then Business Loop I-94. To the east, there are more riparian woods
and light-industrial properties. Riparian forest is extensive east of the property,
on both sides of the river, but trees are sparse west of the landfills toward the
central city of Kalamazoo.

A-Site Landfill
This is a triangular-shaped area, bordered on the east by Davis Creek, the

former Olmstead Creek to the north, and the Kalamazoo River to the north (Fig.
1). The surface of the landfill is covered by herbaceous plants, as well as some
shrubs and small trees. The peripheral forest is mostly maple, willow, and
cottonwood, but all trees are small, <20 centimeters in diameter. No dead trees
(potential roost trees) were seen.
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Willow Creek Boulevard Landfill
This oval-shaped area is bordered by the Kalamazoo River to the north

and the semicircular Willow Boulevard Drainage to the south. As at the A-Site
Landfill, the surface of the landfill is covered by herbaceous plants, shrubs and
small trees. Beaver activity was evident along the river’s edge. No dead trees
(potential roost trees) were seen.

Willow Boulevard Drainage and the Former Olmstead Creek
These drainages are on the southern end of the property and are

separated from private parcels to the south by chain-link fencing, although the
bed of Olmstead Creek occasionally passes under this fencing. Cottonwood,
maple, and willow are common, with occasional elm, sycamore, box elder, and
other species. Many trees are greater than 40–60 centimeters in diameter along
the floodplains, but diameters quickly become smaller as one walks up-slope to
the landfills.

Seven potential roosts were identified along the channel of Olmstead
Creek. Six of these were willows that had diameters of 25–40 centimeters. All
willows appeared dead. However, all had a low amount of peeling bark, limited
solar exposure, and access made difficult by surrounding branches and/or vines.
All had a low potential to be used by Indiana bats, and none would be used as a
primary roost. The willows were within 30 feet of each other and were located in
the woods north of St. Joseph Avenue. A seventh tree, an American elm, was
located a few hundred feet to the east This dead tree was simply a broken trunk,
about 20-feet high, with some peeling bark and an obvious crevice near the top.
This tree also was extremely low in quality, because of low solar exposure and
limited access, and it would not be used as a primary roost.

Davis Creek
Davis Creek comes from the north, runs under the access road for the

site, and joins the Kalamazoo River. North of the access road, the stream is
recessed about 6 feet below the surrounding land, and the banks and channel
have been lined with stones 6-12 inches in diameter. The stream has a 1-foot-
high waterfall and is generally fast-moving over the rounded boulders in its bed.
The noise of the moving water would preclude foraging above it or drinking from
it by bats. There are many large cottonwood (>40 inches in diameter) in the
north, but mostly smaller box elder in the south, towards the access road. All
trees were healthy, except an American elm, about 15–20 inches in diameter that
was partly covered by fallen branches. The amount of peeling bark was ranked
medium, and access was medium. Nevertheless, the tree would have essentially
no solar exposure in summer, so it is ranked as low quality and would not be
used as a primary roost.

South of the access road, the stream has been channelized by a berm
placed directly along its eastern side. Land east of the berm is the old floodplain
of Davis Creek, with the original bank approximately at the fence separating this
parcel from adjacent property. Although water does not flow through the
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floodplain anymore, much of it is an elongated pond and marshy area that would
be suitable for foraging and drinking by bats. Foraging and drinking also would
be possible over the stream, which has a sandy bottom and not the boulders that
were seen south of the access road. More than 10 dead ashes were observed
immediately across the fence on adjoining property, but these trees had tight
bark and were not suitable for roosting. Trees within the floodplain and along the
berm were mostly cottonwood and maple. Two cottonwoods had some dead
upper branches with no loose bark, but otherwise, trees looked healthy.

Discussion and Conclusion
Drinking water was available in the Kalamazoo River, downstream

portions of Davis Creek, and in the pond in the old floodplain of Davis Creek.
Foraging would be possible along edges throughout the property, along the
Kalamazoo River, along Davis Creek, and in the old floodplain of Davis Creek but
generally not within the forests, which are too dense. Hence, marginal foraging
space and acceptable drinking water are available on site.

Cottonwood and maple, two trees that are preferred for roosting (Kurta,
2005), are ubiquitous, and elm is sporadic on the property. However, no trees on
the property were suitable for roosting by a maternity colony of Indiana bats,
because most were healthy and those that were dead had low solar exposure
and generally poor access for a flying bat. At best, the eight potential roosts that
were identified could be used as alternate roosts by one or a few bats.

Because of the lack of mature, dead trees that could be used as primary
roosts by a maternity colony, I believe that the site surrounding these landfills is
low quality for Indiana bats, and it is highly unlikely that any Indiana bats roost
there in summer.

Removing the dead trees in winter (1 November–31 March) will not
directly impact Indiana bats because the animals will be in hibernation, south of
Michigan, at that time. The trees are unsuitable as primary roosts, and loss of
these trees over the winter will not affect the bats when they return in spring.
Hence, removal of the eight low-quality potential roost trees in winter is not likely
to have an adverse effect on Indiana bats.
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Figure 1. Map of Michigan showing approximate location of the landfills, in

Kalamazoo, Kalamzazoo County, Michigan.
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Figure 2. Satellite photograph of the landfills and surroundings.
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2010 Kalamazoo River Mussel Survey:
Willow Boulevard/A-Site Landfill Operable Unit

This appendix presents the results of the 2010 freshwater mussel survey conducted 
along approximately 4,200 linear feet of shoreline at the Willow Blvd/A-Site Landfill 
Operable Unit (WB/A-Site OU) of the Allied Paper, Inc./Portage Creek/Kalamazoo 
River Superfund Site in Kalamazoo, MI. The objective of the survey – which was 
conducted at the direction of the Natural Resource Trustees for the Superfund Site –
was to document the presence and relative abundance of mussels adjacent to the OU 
in both the Kalamazoo River and Davis Creek (Figure 1). Specifically, the survey was 
done in preparation for a possible mussel relocation effort that may be conducted prior 
to the near-shore construction activities that are anticipated to be performed at the OU 
in 2011 or 2012. 

Following is a discussion of the survey methods, results, and possible implications for 
potential re-location efforts. The project team contacted staff from the Michigan 
Department of Natural Resources and Environment (MDNRE) for input on the survey 
design and to obtain a scientific collector’s permit. While MDNRE suggested a time 
frame in which to conduct the work (early October), the agency elected not to 
participate directly in the design of the survey and did not provide oversight of the field 
work.

1. Survey Methods

The mussel survey at the WB/A-Site OU was carried out in two phases. In the first 
phase, conducted on October 4-7, 2010, the field crew used methods adapted from 
Strayer and Smith (2003) to complete a quantitative survey in plots established along 
shoreline transects to provide adequate spatial coverage and represent the various 
habitat types present (shallow versus deep water, fine versus coarse substrate, slow 
versus fast flow). Plots were 5 feet in width and stratified by distance from the shore (0-
5 feet, 5-10 feet, 10-15 feet) at each transect. In total, the 15 transects were surveyed 
for mussels, as shown on Figure 1 – four in Davis Creek adjacent to A-Site Landfill (D1 
to D4), six in the Kalamazoo River adjacent to A-Site Landfill (A1 to A6), and five in the 
Kalamazoo River adjacent to Willow Boulevard Landfill (W1 to W5). Clam rakes were 
used to assess mussel abundance in the top 0 to 6 inches of sediment, and a shovel 
was used to assess mussel abundance in the 6 to 12 inch sediment interval. Mussels 
were identified using established procedures (as described in Cummins and Mayer 
1992, Klocek et al. 2008, and the Wisconsin Department of Natural Resources 2003),
counted, measured, and then released un-harmed back into the same general vicinity 
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from which they were collected. Relic shells were not counted. As part of this effort, 
general habitat conditions were also documented. Photographs of the survey effort are
included on Figure 2.

The results of the first phase of the survey (see Table 1) revealed very low mussel 
abundance. This result was somewhat inconsistent with previous surveys in this area 
of the river (Mulcrone and Mehne 2001) and the potential mussel habitat observed in 
the Kalamazoo River. In the second phase of the survey, the field crew conducted a 
site walk-over and in-water inspection along the non-transect areas of the Kalamazoo 
River and Davis Creek. Based on the results of this walk-over, the biologists 
determined that mussel abundance appeared higher than what was observed in the 
transect areas. This was likely due to the selection of transects/plots based on spatial 
coverage and habitat type, and the sometimes patchy distribution of mussels (Vaughn 
and Taylor 1999). In general, the entire area adjacent to the OU appeared to have 
relatively good mussel habitat.

To complete the second phase of the survey, the field crew conducted qualitative 
searches using snorkel techniques in between the transects. Snorkeling was 
determined to be the most efficient method to search the large areas in between 
transects for mussels. Snorkeling also allowed the biologists to drift with the current to 
conduct this work along the shoreline of the OU, ranging from 0 to 15 feet from shore. 
The visibility of mussels with a diving mask was good from the water surface in up to 3 
feet of water. In the few deeper areas (3-4 feet), short-term dives were necessary to 
locate mussels. Similar to the transect surveys, mussels were identified, counted, 
measured, and then released un-harmed back into the same general vicinity from 
which they were collected. During this effort, general observations of mussel presence 
and abundance outside the 15 foot survey area were also noted to identify potential 
mussel beds that might be used for relocation. Photographs of the survey effort are 
included on Figure 2.

2. Results

Habitat in the survey area of the Kalamazoo River consisted mostly of shallow (<2.5 
feet deep), moderate-flowing water (2 to 3 feet/second) with coarse substrate (Table 
1). A few areas had deeper water (3-4 feet deep), and some areas were more 
protected from main channel flow and exhibited lower water velocities and finer 
substrate (e.g., the small backwater/confluence between Transects A6 and W1, and 
behind Willow Boulevard Landfill in the vicinity of W5; Figure 1). Habitat in the survey 
area of Davis Creek consisted mostly of shallow (<2 feet deep), slow-flowing water 
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(< 0.5 foot/second) with fine substrate (mostly loose, unconsolidated sands). Overall, 
the habitat in the vicinity of the OU, particularly in the Kalamazoo River, appeared 
suitable for mussel inhabitation (rearing, breeding, feeding, over-wintering). 

In total, 429 mussels were identified during the survey (Tables 1 and 2). The majority of 
the mussels were large individuals, measuring on average between 5 and 6 inches in 
length. Smaller mussels (<3 inches), which often indicate the presence of reproducing 
populations in the vicinity (Mulcrone and Mehne 2001), were only observed in areas 
protected from flow (three smaller mussels were observed in the area between 
Transects A6 and W1; and nine smaller mussels were observed in the area between 
Transects W4 and W5) (Figure 1). Most mussels were observed during the snorkel 
surveys – 423 mussels were identified in the reaches between the plots (Table 2), 
while just six mussels were identified within the plots (4 mussels in 0 to 6 inches of 
sediment, and 2 mussels in 6 to 12 inches of sediment). The occurrence of the deeper 
mussels indicates that some mussels had begun to burrow in preparation for winter. 

In terms of diversity, a total of nine mussel species were observed during the survey. 
Photographs of each species – elktoe, fluted-shell, giant floater, mucket, paper 
pondshell, pocketbook, spike, wabash pigtoe, and white heelsplitter – are presented in 
Figures 3A and 3B.

Most of these species are considered to be relatively common. For instance, the 
mucket, which is thought to be widespread and locally abundant (Cummings and 
Mayer 1992) made up 82% (352 of 429 total mussels) of the total number of mussels 
observed. The other relatively common mussel species (fluted-shell, giant floater, 
pocketbook, spike, wabash pigtoe, and white heelsplitter) made up 16% (69 of 429) of 
the total. The exceptions are the elktoe (seven observed) and paper pondshell (one 
observed) (eight combined and 2% of the total). Both of these species are listed as 
species of “Special Concern” in Michigan (MDNRE 2009). While not afforded legal 
protection under the Michigan Endangered Species Act (ESA), these species are 
believed to be declining or have relict populations in the state. No state or federally 
listed threatened or endangered (T&E) species were observed during the survey.  

The majority of mussels were identified in the vicinity of A-Site Landfill. A summary of 
the survey results for each area is presented below.

• A-Site Landfill – Davis Creek: No mussels were observed in either the survey 
plots or during the snorkel survey/site walk. In Davis Creek, shallow water depths, 
good water clarity, and in particular, low flow and lack of water turbulence allowed 
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visual observations to be performed in the shallowest areas in between plots while 
snorkeling was conducted in the few deeper areas (e.g., the confluence and the 
bridge plunge-pool). (Tables 1 and 2)

• A-Site Landfill – Kalamazoo River: In total, 384 mussels were observed in this 
area; five in the survey plots and 379 during the snorkel survey (Tables 1 and 2). In 
the plots, mussels were identified at A1 (three in 0-6 inches of sediment and one in 
6-12 inches of sediment) and A3 (one in 0-6 inches of sediment). During the 
snorkel survey, mussels were observed in each area, but were most abundant 
between A2 and A3 (99), A3 and A4 (88) and A4 and A5 (174). The relative 
abundance at 0-5 feet, 5-10 feet, and 10-15 feet from shore was similar at 31, 35, 
and 34%, respectively.

• Willow Boulevard Landfill – Kalamazoo River: In total, 45 mussels were 
observed in this area; one in the survey plots and 44 during the snorkel survey 
(Tables 1 and 2). In the plots, one mussel was identified at W4 in 6-12 inches of 
sediment. During the snorkel survey, mussels were observed in each area, but 
were most abundant between W1 and W2 (25). Mussel relative abundance at 0-5 
ft, 5-10 ft and 10-15 ft distance from shore varied and was 7, 55 and 38%, 
respectively.

The mussel species identified during the 2010 survey are similar to those reported by 
Mulcrone and Mehne (2001) for the study conducted in the vicinity of the OU in 2000.
In particular, the mucket was the most abundant species in both surveys, with the white 
heelsplitter and wabash pigtoe also commonly observed. Species diversity was also 
similar, with six species identified in 2000 and nine species identified in 2010. The key 
differences between the two efforts were that the 2000 survey occurred in a slightly 
different location (an area in the river immediately downstream of the OU as opposed 
to directly adjacent) and over a much smaller area (based on GPS coordinates). All 
species present in the 2010 survey were present at one or more of the 14 Kalamazoo 
River locations surveyed in 2000, which included the OU as well as 13 other locations 
along the river between Battle Creek and Lake Michigan.

3. Potential Relocation Issues

Candidate relocation areas – areas where mussel beds with a similar species 
composition to that observed in areas adjacent to the OU – were identified in the 
vicinity of the OU but outside the survey area (15+ ft from shore) during the 2010 effort. 
If mussel relocation is required before implementing the planned construction activities 
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at the WB/A-Site OU, then these areas might serve as potential relocation beds. 
However, the merits and need for mussel relocation to occur should be weighed 
against the following factors:

1. Relocation of mussels may not always be successful or recommended. For 
instance, Cope and Waller (1995) reported a mean mortality rate of 49% for 
mussels that were relocated as part of conservation and/or management 
strategies.

2. Population effects to common mussel species may be negligible if some limited 
mortality occurs due to construction. Based on a desktop review, mussel habitat in 
the Kalamazoo River is anticipated to be relatively good (except for in impounded 
areas). This is supported by the fact that a relatively diverse mussel population 
was reported in the Kalamazoo River by Mulcrone and Mehne (2001). They further 
reported that the number of species observed in 2000 was similar to that observed 
in historical collections pre-1936. In addition, the number of mussels observed in 
the vicinity of the OU (but outside the survey area) appeared to be high in 2010. 
Potential population effects to species of special concern, however, are not clear. 
During the 2010 survey, seven elktoe and one paper pondshell were observed in 
the survey area. Relocation of such a small number of individuals might not be 
meaningful from a population standpoint. 

Prior to construction, the final details of implementation (i.e., the extent of in-water work 
and how far out from the river bank are disturbances anticipated) will need to be 
considered along with the mussel mortality and population issues mentioned above 
before making a decision regarding the need for mussel relocation.
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Water Body/                       
Site Plots

Predominant 
Substrate

Clam Rake                 
(0-6 in)

Shovel                               
(6-12 in)

Davis Creek D1 Sand/Gravel 0 - 5 7 0 0
A-Site 5 - 10 11 0 0

10 - 15 7 0 0
D2 Mostly Sand 0 - 5 12 0 0

Some Gravel 5 - 10 17 0 0
10 - 15 22 0 0

D3 Mostly Sand 0 - 5 15 0 0
Some Silt 5 - 10 20 0 0

10 - 15 27 0 0
D4 Mostly Sand 0 - 5 9 0 0

Some Silt 5 - 10 10 0 0
10 - 15 11 0 0

Kalamazoo River A1 Sand/Gravel/ 0 - 5 29 0 0
A-Site Cobble 5 - 10 33 0 1

10 - 15 39 3 0
A2 Sand/Gravel/ 0 - 5 28 0 0

Cobble 5 - 10 26 0 0
10 - 15 31 0 0

A3 Sand/Gravel/ 0 - 5 37 0 0
Cobble 5 - 10 35 1 0

10 - 15 31 0 0
A4 Sand/Gravel 0 - 5 18 0 0

5 - 10 12 0 0
10 - 15 10 0 0

A5 Sand/Gravel 0 - 5 12 0 0
5 - 10 13 0 0
10 - 15 17 0 0

A6 Sand/Gravel 0 - 5 6 0 0
5 - 10 8 0 0
10 - 15 10 0 0

Kalamazoo River W1 Sand/Gravel 0 - 5 7 0 0
Willow Blvd 5 - 10 9 0 0

10 - 15 15 0 0
W2 Sand/Gravel/ 0 - 5 33 0 0

Cobble 5 - 10 37 0 0
10 - 15 42 0 0

W3 Sand/Gravel 0 - 5 8 0 0
5 - 10 9 0 0
10 - 15 11 0 0

W4 Sand/Gravel 0 - 5 16 0 0
5 - 10 16 0 0
10 - 15 12 0 1

W5 Silt/Sand 0 - 5 20 0 0
5 - 10 17 0 0
10 - 15 17 0 0

Total 4 2

Notes:
-  Each plot was 5 ft wide, and extended from the shore in 5 ft increments up to 15 ft.
-  Water depth was taken in the center of each 5 ft x 5 ft plot.
-  Sediments collected by a shovel were passed through a 1/4 in sieve to look for mussels.

-  Mussel species observed using a shovel were giant floater (A1 - 4 in and W4 - 3.5 in).
-  One Asiatic clam was observed at W4 5-10 ft, but not counted (introduced species).

Table 1 -- Number of Mussels Observed in Survey Plots by Clam Rake and Shovel

Distance 
from Shore                 

(ft)

Number of Mussels by 
Survey MethodWater 

Depth               
(in)

-  Mussel species observed using a clam rake were spike (A1 - 5 in), mucket (A1- 5.5 in and A3 - 
5.3 in) and wabash pigtoe (A1 - 4 in).

Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Operable Unit
2010 Mussel Survey
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Waterbody
Site Total

Species Area D1-D2 D2-D3 D3-D4 A1-A2 A2-A3 A3-A4 A4-A5 A5-A6 A6-W1 W1-W2 W2-W3 W3-W4 W4-W5
Elktoe Alasmidonta marginata 0 0 0 0 2 0 2 1 0 0 0 0 2 7
Fluted-shell Lasmigona costata 0 0 0 0 2 11 6 5 0 0 0 0 0 24
Giant floater Pyganodon grandis 0 0 0 1 0 0 0 0 0 0 0 1 0 2
Mucket Actinonaias ligamentina 0 0 0 3 91 72 155 6 0 23 0 0 0 350
Paper pondshell Utterbackia imbecillis 0 0 0 0 0 0 0 0 0 0 0 0 1 1
Pocketbook Lampsilis ovata 0 0 0 0 2 2 1 0 0 0 0 0 0 5
Spike Elliptio dilatata 0 0 0 0 0 0 2 0 0 0 0 0 1 3
Wabash pigtoe Fusconaia flava 0 0 0 1 1 0 0 1 4 0 0 0 7 14
White heelsplitter Lasmigona complanata 0 0 0 0 1 3 8 0 1 2 1 0 1 17
Total 0 0 0 5 99 88 174 13 5 25 1 1 12 423

Notes:
-  Snorkel surveys were conducted between plots at 0 to 15 ft distance from shore.

-  Most mussels were 5 to 6 inches in length.  Smaller mussels (<3 inches) were only observed in areas protected from flow (A6-W1 and W4-W5).
-  Relic shells were not counted.

A-Site Willow Blvd

Table 2 -- Number of Mussels Observed between Survey Plots by Snorkeling

Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Operable Unit
2010 Mussel Survey

-  Mussel relative abundance at A-Site at 0-5 ft, 5-10 ft and 10-15 ft distance from shore was approximately 31, 35, and 34%, respectively.  Relative abundance 
at Willow Blvd was approximately 7, 55, and 38%, respectively.

Davis Creek Kalamazoo River Kalamazoo River
A-Site
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Length Measurement
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SPECIES IDENTIFIED DURING                         

MUSSEL SURVEY
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Giant floater Mucket

Paper pondshell Pocketbook

G:\COMMON\64581-A-site\11 Draft Reports and Presentations\2010 Pre-Final Remedial Design Report\Appendices\Appendix A - Existing Data\Figure 2.xls



FIGURE

3B

GEORGIA-PACIFIC LLC

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

PRE-FINAL DESIGN REPORT

WILLOW BOULEVARD/A-SITE OPERABLE UNIT

SPECIES IDENTIFIED DURING                         

MUSSEL SURVEY

Spike Wabash pigtoe

White heelsplitter

G:\COMMON\64581-A-site\11 Draft Reports and Presentations\2010 Pre-Final Remedial Design Report\Appendices\Appendix A - Existing Data\Figure 2.xls



Appendix B

Hydraulic Evaluation



DRAFT FOR FEDERAL AND STATE REVIEW

APPENDIX B

ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE
WILLOW BOULEVARD/A-SITE OPERABLE UNIT 2

HYDRAULIC EVALUATION OF THE KALAMAZOO RIVER

G:\COMMON\64581-A-site\11 Draft Reports and Presentations\2011 Final Remedial Design Report\Appendices\Appendix B - Hydraulic 
Evaluation\Hydraulic Analysis-03.09.11.doc 1
Created By DA  3/9/2011
Project Number: B0064581.00670/B0064582.00670

Introduction

As part of the WB/A-Site OU Preliminary Remedial Design, the banks of the OU to the north of 
the site (along the Kalamazoo River) will be stabilized by regrading and installation of erosion 
protection measures. A hydraulic analysis has been performed to evaluate water surface 
elevations and bank shear stresses along the site for a range of different flow conditions. This 
hydraulic analysis is outlined below.

Model Development

The hydraulic analysis was performed using the Hydraulic Engineering Center River Analysis 
System (HEC-RAS). The initial HEC-RAS model was developed from HEC-2 geometric data 
used for the 1998 proposed remedial activity at the A-Site Landfill. This data included 16 
transects along the Kalamazoo River (15 were applied to the HEC-RAS model: Transect IDs 12, 
11.2, 11, 10.6, 10.3, 10, 9.9, 9.8, 9.7, 9.6, 9.5, 9.3, 9.2 9.1 and 9) and information for the King 
Highway Bridge, downstream of the site. The model extends from approximately 1200 feet
upstream of the area east of Davis Creek to the King Highway bridge, downstream of the Willow 
Boulevard Landfill. The geometry of eight transects were revised to represent current existing 
conditions, incorporating survey data from the recent pre-design survey of the banks along the 
northern side of the WB/A-Site OU. A manning’s n of 0.03 was applied to the channel while the 
manning’s n of the banks were assigned values of 0.04 or 0.08. 

ARCADIS obtained low and high flow data for the project area from the Michigan Department of 
Environmental Quality (MDEQ), which included flow values for the median flow (810 cubic feet 
per second [cfs]), the 2-year event (2800 cfs), and 100-year event (6,900 cfs).

The Township of Kalamazoo, Michigan Flood Insurance Study (FIS) (Federal Emergency 
Management Agency, 1994) was obtained by ARCADIS. The FIS contains water surface profiles 
through the project area for high flow events, including the 100-year storm event. The HEC-RAS 
model was run with the 100-year flow as the upstream boundary condition and a downstream 
boundary condition equal to normal depth at the King Highway bridge. The water surface 
elevation values from the 100-year FIS profile and HEC-RAS model run were consistent. The 
final HEC-RAS model was then rerun with the FIS water surface elevation result at King Highway 
as the downstream boundary condition for the 100-year flow event.

For previous modeling efforts, a rating curve was developed at the King Highway for low flow 
events. This rating curve was created using known water surface elevations (187 days of 
measurements between November 2002 and May 2007) measured at the King Highway Bridge 
by ARCADIS. These measurements, along with daily discharge values from the United States 
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Geological Survey (USGS) Comstock gage were used to create the rating curve. The rating curve 
includes discharge rates up to 1,900 cfs, which gives a range that incorporates the median flow 
rate. The median flow HEC-RAS model run applied the rating curve water surface elevation value 
for median flow as the downstream boundary condition. 

Results

The water surface elevation, velocity, and shear stress profiles resulting from the median flow, 2-
year, and 100-year storm event are shown in Figures B-1 through B-3 and these results are also 
tabulated in Table B-1. 

For the median flow event, the water surface elevation ranges from 756.2 feet, NGVD29 (ft) to 
755.6 ft at A-Site (Transect 11 to 9.7) and from 755.6 ft to 755.5 ft at the Willow Boulevard Site 
(Transect 9.7 to 9.5). For the 100-year storm event, the water surface elevation ranges from 
765.1 ft to 764.9 ft at A-Site and from 764.9 ft to 764.8 ft at the Willow Boulevard Site. 

The channel velocity in feet per second (ft/s) and channel shear stress in pounds per square foot 
(lb/ft2) at each transect along A-Site and the Willow Boulevard Site are listed in Table B-1. The 
maximum channel velocity in the vicinity of the WB/A-Site OU occurs at Transect 9.9 (A-Site) for 
each of the storm events, with a maximum of 3.71 ft/s for the 100-year storm. The maximum 
channel shear stress occurs at Transect 10.3 (A-Site) for the median flow (0.09 lb/ft2) and at 
Transect 9.9 (A-Site) for the 2-year and 100-year storm events (0.11 lb/ft2 and 0.16 lb/ft2

respectively).

References

FEMA, 1994. Flood Insurance Study Township of Kalamazoo Michigan. Revised June 15, 1994
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Table B-1  Summary of Hydraulic Modeling Results

River 
Station Position on River

Median Flow (810 cfs) 2-Year Flow (2,800 cfs) 100-Year Flow (6,900 cfs)

WSE 
(ft)

Velocity 
(ft/s)

Shear 
(lb/sq.ft.)

WSE 
(ft)

Velocity 
(ft/s)

Shear 
(lb/sq.ft.)

WSE 
(ft)

Velocity 
(ft/s)

Shear 
(lb/sq.ft.)

12 U/S of oxbow (north side of river) 757.86 0.95 0.01 760.35 2.05 0.06 765.35 2.30 0.06
11.2 D/S of upper oxbow confluence 757.20 5.72 0.80 760.18 2.55 0.11 765.32 1.90 0.05
11 Eastern side of A-Site 756.24 1.90 0.07 759.88 2.37 0.08 765.10 3.01 0.11

10.6 A-Site 756.08 1.79 0.06 759.79 2.49 0.09 765.03 3.17 0.12
10.3 A-Site 755.91 2.08 0.09 759.71 2.54 0.09 764.98 3.16 0.12
10 A-Site 755.74 1.84 0.06 759.64 2.40 0.08 764.97 2.65 0.08
9.9 A-Site 755.67 2.09 0.08 759.57 2.86 0.11 764.83 3.71 0.16
9.8 Western side of A-Site 755.62 1.79 0.06 759.57 2.26 0.07 764.86 2.86 0.09
9.7 Eastern side of Willow Boulevard 755.63 0.50 0.01 759.62 0.51 0.00 764.94 0.65 0.00
9.6 Willow Boulevard 755.56 1.63 0.04 759.50 2.60 0.09 764.72 3.60 0.14
9.5 Willow Boulevard 755.54 1.03 0.02 759.54 1.21 0.02 764.82 1.57 0.03
9.3 D/S of Willow Boulevard 755.52 0.58 0.01 759.53 0.85 0.01 764.82 1.17 0.02
9.2 U/S of King Highway 755.42 1.66 0.05 759.42 2.29 0.07 764.64 3.11 0.11
9.1 U/S face of King Highway bridge 755.40 1.67 0.05 759.41 2.29 0.07 764.63 3.12 0.11
9 D/S face of King Highway bridge 755.40 1.48 0.04 759.40 2.23 0.07 764.50 3.10 0.11

Notes:
1. Increased velocity and shear can be seen at Station 11.2 for median flow, due to 

decreased flow area through the section. This station falls upstream of the OU and 
does not affect the design.

2. WSE = Water Surface Elevation
3. U/S = Upstream
4. D/S = Downstream
5. ft = feet
6. ft/s = feet per second
7. lb/sq.ft. – pounds per square foot
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Figure B-1  Hydraulic Modeling Results - Water Surface Elevation along Kalamazoo River
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Figure B-2  Hydraulic Modeling Results - Velocities along Kalamazoo River
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Note:
1. Increased velocity can be seen at Station 11.2 for median flow, due to decreased flow 

area. This station falls upstream of the OU and does not affect the design.
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Figure B-3  Hydraulic Modeling Results – Shear Stresses along Kalamazoo River
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Note:
1. Increased shear can be seen at Station 11.2 for median flow, due to decreased flow 

area. This station falls upstream of the OU and does not affect the design.
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Acronyms and Abbreviations

AOC Administrative Order on Consent

ARAR Applicable or Relevant and Appropriate Requirement

BBL Blasland, Bouck & Lee, Inc.

CD Consent Decree

CDM Camp Dresser & McKee

Design Report Willow Boulevard/A-Site Landfill Operable Unit 2 Pre-Final Remedial 
Design Report

FSP Field Sampling Plan

Georgia-Pacific Georgia-Pacific LLC

HSP Health and Safety Plan

LEL Lower Explosive Limit

MDEQ Michigan Department of Environmental Quality

MDNRE Michigan Department of Natural Resources and Environment

mg/kg milligrams per kilogram

NTU nephelometric turbidity unit

PCB polychlorinated biphenyl

PSVP Performance Standards Verification Plan

PVC Polyvinyl Chloride

QAPP Quality Assurance Project Plan

RAO Remedial Action Objective

ROD Record of Decision

Site Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

SOW Statement of Work

SRI/FS supplemental remedial investigations and feasibility studies

USEPA United States Environmental Protection Agency

WB/A-Site OU Willow Boulevard/A-Site Landfill Operable Unit 2
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1. Introduction

On September 30, 2009 Georgia-Pacific, LLC (Georgia-Pacific) entered into an agreement with 
the U.S. Environmental Protection Agency (USEPA) and the U.S. Department of Justice that 
will govern the Remedial Design and Remedial Action phases of work at the Willow 
Boulevard/A-Site Landfill Operable Unit 2 (WB/A-Site OU) (Figure 1). The WB/A-Site OU is 
Operable Unit 2 of the Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site (Site), 
located in Kalamazoo and Allegan Counties, Michigan. 

A Statement of Work (SOW), included as Appendix C to the Consent Decree for the Design of 
Certain Response Actions at Operable Unit 2 of the Allied Paper, Inc./Portage 
Creek/Kalamazoo River Superfund Site (CD; Civil Action No. 1-09-cv-429), describes the 
proposed design and remedial action work at the WB/A-Site OU. The Remedial Action is 
anticipated to begin in the spring of 2011, and removal activities and initial planting of 
vegetation are expected to be completed by the end of 2012.

This Performance Standards Verification Plan (PSVP) has been prepared in support of the 
remedial action to be completed at the WB/A-Site OU. The SOW states that the purpose of the 
PSVP is to provide a mechanism to ensure that both short-term and long-term performance 
standards for the Remedial Action are met. The SOW further states that the PSVP shall 
explain in detail, the mechanisms that will be used to verify that the remedial action achieves 
the overall Remedial Action Objectives (RAOs) developed and defined in the Record of 
Decision (ROD; USEPA 2006), including those RAOs that are not based upon concentration
levels of hazardous substances. The PSVP is also to include provisions for confirmation 
sampling, as needed.

As described in the SOW, the PSVP is to include a Quality Assurance Project Plan (QAPP), 
Health and Safety Plan (HSP), and Field Sampling Plan (FSP), along with specification and 
schedule of those tasks to be performed to demonstrate compliance with the performance 
standards. The requirements related to the QAPP, HSP, and FSP will be satisfied by following 
the overarching guidelines, measures, requirements, etc. presented in the multi-area 
documents developed for the Site as a whole and OU-specific addenda approved by USEPA: 

• Multi-Area QAPP (ARCADIS 2010a) – revised to include project-specific requirements for 
the WB/A-Site OU and approved by USEPA in February 2010

• Multi-Area HSP (ARCADIS BBL 2007b) and addenda (ARCADIS 2010b) – originally 
approved by USEPA in May 2007; a recent addendum specific to the work at the WB/A-
Site OU was approved in February 2010
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• Multi-Area FSP (ARCADIS BBL 2007a) and addenda (ARCADIS 2010c) – USEPA 
approved Revision 1 to the Multi-Area FSP in October 2007, and an addendum including
information specific to work at the WB/A-Site OU was approved by USEPA in February 
2010

The primary objective of this PSVP is to establish performance standards for post-excavation 
soil sampling, landfill gas monitoring, groundwater monitoring, and surface water monitoring. 
The PSVP should be read in conjunction with the Pre-Final Remedial Design Report for the 
project (Design Report; ARCADIS 2010d2011), Multi-Area QAPP (ARCADIS 2010a), Multi-
Area HSP (ARCADIS 2010b) and associated addenda, and the Multi-Area FSP (ARCADIS 
2010c).

The remainder of this section presents an overview of the project area description and history, 
a summary of the remedial action, and the organization of this PSVP.

1.1 Background

The WB/A-Site OU is located southeast of the intersection of Business 1-94 and Highway M-96 
(King Highway) in Kalamazoo Township, Michigan. The OU is bordered by the Kalamazoo 
River to the north and northwest, Davis Creek to the east, and Willow Boulevard Road, former 
Olmstead Creek, and residential areas to the south (Figure 1). A fence exists around the 
southern and eastern boundary of the OU.

The WB/A-Site OU consists of two disposal areas – the Willow Boulevard Landfill (including the 
Drainageway area) and the A-Site Landfill. The Willow Boulevard Landfill occupies an 
approximately 11-acre area and the A-Site Landfill, an approximately 22-acre area. The OU 
also includes three adjacent impacted areas – the area east of Davis Creek, the area south of 
the A-Site berm, and the area near monitoring well AMW-3A. The two landfills and three 
adjacent areas are all addressed in this PSVP. 

1.2 PSVP Content and Organization

The remainder of this PSVP is organized into six sections, as follows:

• Verification Soil Sampling Plan (Section 2)

• Landfill Gas Monitoring Plan (Section 3)

• Groundwater Monitoring Plan (Section 4)
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• Surface Water Monitoring (Section 5)

• Mitigation Site Monitoring (Section 6)

• The references cited in this PSVP are listed in Section 7.

Air monitoring for the project is described in the Design Report (ARCADIS 2010d2011).
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2. Verification Soil Sampling Plan

2.1 General 

After excavation using visual criteria is complete within a removal area (in the area east of Davis 
Creek, area south of the A-Site Berm, Willow Boulevard Drainageway, and area near monitoring 
well AMW-3A), verification sampling will be performed to confirm that the cleanup goals have been 
achieved. No verification sampling is anticipated in the northern portion of the Willow Boulevard 
Landfill – this area will be excavated and backfilled with a substantial volume of clean fill, and 
erosion protection materials will be incorporated up to the 100-year flood level along the entire 
reestablished bank slope. In addition, there will be no verification sampling in the area of the A-Site 
Landfill between the sheet pile wall and the access road – this excavation will be carried out for 
grading purposes only after due to the partial removal of the sheet pile wall. Verification sampling 
activities for each removal area will follow the procedures used in the Sampling Strategies and 
Statistics Training Materials for Part 201 Cleanup Criteria (Michigan Department of Environmental 
Quality [MDEQ] Guidance Document; MDEQ 2002). 

Independent plans for sampling frequency and location were developed for each removal area as 
required under MDEQ guidance (MDEQ 2002). The sampling strategies were generated using a 
grid system to select unbiased sampling locations.

2.2 Performance Standards

The performance standards for the remedial action at the WB/A-Site OU include cleanup 
standards, standards of control, quality criteria, and other substantive requirements, criteria, or 
limitations, including Applicable or Relevant and Appropriate Requirements (ARARs), as set forth 
in the ROD, SOW, and CD.

Established cleanup standards have been identified based on the expected nature and scope of 
work implemented to complete the remedy. Soil remediation is anticipated to occur primarily on 
property owned by Georgia-Pacific that is zoned for light industrial use – as a result, the Part 201 
Generic Residential Land Use Criterion of 4 mg/kg for PCBs in soil is not a basis of design for the 
remedial action.

In accordance with the ROD, and following comment by USEPA on the Preliminary Design Report, 
for all portions of the Willow Boulevard Drainageway, the area south of A-Site berm (including 
Olmstead Creek), and the area east of Davis Creek, the basis of design is the sediment clean-up 
criterion of 0.33 mg/kg. The relevant performance standard for the remaining portions of the OU 
(i.e., the area near monitoring well AMW-3A) has been identified as the lower end of the No 
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Observed Adverse Effect Range of 6.5 mg/kg (CDM 2003) in soil and/or sediment to protect 
terrestrial ecological receptors (i.e., the American rRobin). The table below summarizes the 
cleanup criteria that have been established for each of the areas within the WB/A-Site OU. These 
areas are depicted on Figure 2-1:

Table 2-1 Cleanup Criteria for WB/A-Site Removal Action

Removal Area of the OU Cleanup Criterion (mg/kg)

Area east of Davis Creek 0.33

Area south of A-Site Berm (including Olmstead Creek) 0.33

Willow Boulevard Drainageway 0.33

Area near monitoring well AMW-3A 6.5

2.3 Sampling Frequency, Location and Depth

The verification sampling frequency and locations are based on the planimetric area to be 
remediated, or, as designated in the MDEQ Guidance Document, the size of the “site”. 
Determination of the site size includes calculating the combined area of the excavation sidewalls 
and base. This calculation, and a discussion of the site size based on the MDEQ Guidance 
Document, is presented below.

In accordance with MDEQ Guidance Document, the grid interval to be established for verification 
sample collection is determined based on site size (i.e., small, medium or large), and the 
corresponding total site area (sidewall plus base areas). The grid intervals for small, medium, and 
large-size sites are calculated using the following equations:

Small Site (up to 0.25 acres)
GIA

=
2
/ π

Medium Site (0.25 to 3 acres)
GIA

=
4
/ π

Large Site (over 3 acres)
GI

SF
A

=
×π

Where: A = area to be grid (square feet [sq.ft.)
GI = grid interval
SF = Site Factor, length of area to be grid
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The sample collection requirements for each of the excavation areas are summarized in Table 2-2
based on the respective areas of the excavations, and the sampling frequency criteria presented in 
the MDEQ Guidance Document. As recommended in the MDEQ Guidance Document, a minimum 
of 9 samples or 25% of the total number of grid stations, whichever is larger, should be collected 
and analyzed as part of the verification sampling program. Applying this guidance information to 
each of the removal areas, the appropriate number of verification samples was determined as 
shown in the table below.

Table 2-2 Number of Confirmation Samples in the Ancillary Areas of the OU

Removal 
Area

Grid 
Station 
Area

(sq.ft.)

Total 
Excavation 

Area1

(sq.ft./acres)

MDEQ 
Site 
Size

Site 
Factor 
(SF)
(ft)

Grid 
Interval 

(GI)
(ft)

Number 
of Grid 

Stations

25% of 
Grid 

Stations

Minimum 
Number 

of 
Samples

Area East of 
Davis Creek 730 170,000 / 3.9 Large 730 ft 27 ft 230 58 58

Area South of 
A-Site Berm 360 180,000 / 4.1 Large 1,600 

ft 19 ft 500 130 130

Willow 
Boulevard 
Drainageway

1,100 54,000 / 1.2 Medium N/A 33 ft 49 12 12

Area near 
Monitoring 
Well AMW-3A

260 3,400 / 0.078 Small N/A 16 ft 13 3 9

Total 
Samples 209

Notes:
1. Excavation area includes bottom of excavation and sidewall areas

Figure 2-2 indicates proposed sampling locations for confirmation sampling. Final locations will be 
dependent on conditions encountered in the field. If additional excavation is required, sample 
counts will be re-calculated and the proposed grid system will be revised as appropriate.

Soil grab samples will be collected from the 6-inch depth increment below the floor and from the 
side walls of the excavation and submitted separately to the laboratory for polychlorinated biphenyl 
(PCB) analysis according to applicable procedures described in the Multi-Area QAPP (ARCADIS 
2010a) and Multi-Area FSP (ARCADIS BBL 2007a, ARCADIS 2010c). If the laboratory data 
confirm that the PCB concentration for the sample is less than or equal to the relevant cleanup goal 
(see Table 2-1), the excavation of the grid will be considered complete and no additional 
excavation will be required. If the PCB concentration is greater than the cleanup goal, an additional 
6 inches will be removed from an area 20 feet by 20 feet around the sample location. Following the 
re-excavation, a sample will be collected from a random location within this area and submitted for 



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\appendices\appendix c - psvp\wb_a-site ou psvp-03.10.11.docx 2-4
Created by: DA 3/10/2011
Project Number: B0064581.00670/B0064582.00670

Willow Boulevard/A-Site Landfill 
Operable Unit 2 Performance 
Standards Verification Plan

DRAFT FOR FEDERAL AND STATE REVIEW

laboratory PCB analysis. If the PCB concentration from the second round of sampling is less than 
or equal to the cleanup goal, no further excavation of the area will be required. However, if the PCB 
concentration is still above the cleanup goal, USEPA, in consultation with MDNRE and Georgia-
Pacific, will determine (1) whether additional remedial actions will be effective in achieving the 
cleanup standard in the area; and (2) the potential nature of such additional remedial actions. In 
determining whether and how to proceed with additional remedial activities, USEPA will consider 
the extent and concentration of the remaining PCBs in the area(s). As stated in the CD, USEPA 
recognizes that it may be difficult to determine with certainty the remedial actions that may be 
necessary to achieve the 0.33 mg/kg remediation goal (where relevant).
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3. Landfill Gas Monitoring Plan

3.1 Introduction

This Landfill Gas Monitoring Plan describes the scope and procedures for post-remediation 
landfill gas monitoring at the WB/A-Site OU. Although landfill gas monitoring is not specifically 
required for Type III landfills under Part 115, a gas monitoring program is proposed to verify 
that any migration of gas from the landfill does not exceed acceptable standards. Landfill gas 
generation and subsurface migration of landfill gases at the WB/A-Site OU will be monitored as 
described in this section during the post-remediation period. 

3.2 Monitoring Procedures

The purpose of this section is to establish a procedure for monitoring landfill gas, and, if 
necessary, to determine that methane concentrations are below the lower explosive limit (LEL) 
at or beyond the OU boundary. This section presents a discussion of sampling locations, 
monitoring schedule, and monitoring methods and procedures.

The gas management system consists of passive gas vents that will be installed during final 
cover system installation. 

Methane monitoring of the gas vents that are around the outer most perimeter and outside the 
limits of residuals of the southern portion of the OU will be conducted annually. If methane is 
not detected in these gas vents within the first five years of post-construction monitoring, 
Georgia-Pacific will petition to the USEPA to cease the annual gas monitoring program. If 
methane is consistently detected at concentrations greater than the LEL, monitoring will be 
continued on a quarterly basis until concentrations less than the LEL are observed for at least 
two years.

Monitoring will be performed using a standard hand-held device (e.g. Gem 500 portable gas 
analyzer or equivalent) per the instrument manufacturer instructions at each of the outermost 
perimeter gas vents. .

In the event that the concentration of methane gas is observed at any of the perimeter 
monitoring locations along the southern boundary of the site (i.e., the gas vents that are 
adjacent to the southern limits of the Willow Boulevard and A-Site) greater than the LEL, the 
following will occur:

• A second gas detection meter will be obtained, calibrated, and used to measure the gas 
concentration at the monitoring location. If it is determined that the first reading was not 
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valid due to equipment error or malfunction, the occurrence will be documented and 
monitoring activities will be continued. If the second meter yields the same results as the 
first, the following procedures will be implemented.

• If methane is observed at the perimeter monitoring probes greater than the LEL, 
monitoring will be continued by installing temporary probes outward from the monitoring 
location at 50-foot intervals beyond the limits of final cover until gas is not observed. If the 
detection of methane gas is observed in a temporary probe located at an adjacent property 
boundary at concentrations greater than the LEL, the property owner will be notified and 
access to install additional probes within the property will be requested.

• Gas monitoring outward from the OU boundary will be conducted by advancing a 3/4-inch 
diameter boreholes to a depth of approximately 3.5 feet with a “slam-bar”, and then 
inserting a tube attached to the gas detection meter into the borehole approximately one to 
two inches above the bottom of the borehole. The annular space around the inserted 
tubing will be sealed at the ground surface with moistened bentonite. After approximately 
30 seconds, the percent methane in air by volume will be measured and recorded.

• If methane is detected on an adjacent property at concentrations above the LEL, 
inhabitants of buildings in the immediate vicinity of the monitoring location will be 
evacuated, and USEPA will be notified of the situation.

• A letter documenting the methane gas levels detected and a description of the steps taken 
to protect nearby residents will be forwarded to USEPA within 7 days of the detection and 
included in the Administrative Record.

• A plan will be prepared for the investigation of the cause(s) of the elevated gas 
concentrations. The investigation plan will be submitted to the USEPA within 20 days of 
gas detection during monitoring activities. The plan will be included in the Administrative 
Record.

• A remediation plan will be prepared within 60 days of detection of elevated gas 
concentrations. The remediation plan will describe the nature and extent of the conditions 
and, if necessary, a proposed remedy. The remediation plan will also be included in the 
Administrative Record.

Full monitoring and reporting procedures, as well as routine system inspection and 
maintenance, will beare outlined in the draft Operation and Maintenance Plan for the project
(Appendix J of to be included in the Final Design reportSubmittal).
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4. Groundwater Monitoring Plan

During completion of the remedial action construction activities, a new groundwater monitoring 
well network will be installed at the WB/A-Site OU. The groundwater monitoring network will 
include 27a minimum of 12 wells, with up to 24 wells, located at 12 downgradient monitoring 
wells: 24 downgradient monitoring wells installed in 2-well clusters at 12 locations, and 3 
upgradient locationsmonitoring wells (Figure 4-1Construction Drawing 7). The locations of the 
wells (shown on Construction Drawing 7Figure 4-1) were selected to provide adequate 
information to evaluate groundwater gradients and assess compliance with Part 201 
Groundwater-Surface Water Interface (GSI) criteria. Additional information on the groundwater 
monitoring network is included in Section 4.6 of the Design Report. Full details of the proposed 
monitoring network, installation, and development will be included in the Groundwater 
Monitoring Plan, which will be provided as part of the Remedial Action Work Plan.

4.1 Groundwater Monitoring Program

The groundwater monitoring program will include both groundwater elevation monitoring and 
groundwater analytical monitoring in accordance with the SOW. The groundwater elevation 
monitoring will include installation and monitoring of groundwater elevations at 27 all proposed 
groundwater monitoring wells and monitoring at two existing staff gages that were installed on 
the Kalamazoo River during RI activities (to be re-established prior to sampling). Groundwater 
samples and groundwater elevation measurements will be collected in accordance with the 
SOP F-10 as defined in the Multi-Area QAPP (ARCADIS 2010a).

4.1.1 Groundwater Sampling

Monitoring wells will be purged and sampled using peristaltic pumps and ultra-low-flow 
methods. Groundwater samples will be submitted for laboratory analysis of PCBs by USEPA 
method 8082 in accordance with the Multi-Area QAPP (ARCADIS 2010a). The following field 
parameter measurements will collected: 

• groundwater levels

• turbidity

• temperature

• pH

• specific conductance
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4.1.2 Monitoring Frequency

The groundwater monitoring program will be implemented and will continue until USEPA, in 
consultation with MDNRE, determines that it is no longer necessary. This program will be 
evaluated during the five-year project review and during each subsequent review, as required 
under the National Contingency Plan, 40 Code of Federal Regulations Part 300 (as amended).
It is anticipated that the groundwater monitoring program will initially include quarterly 
groundwater monitoring of the 27all monitoring wells for a period of two years to provide 
seasonal data and establish a baseline understanding of conditions at the new well locations. 
After two years, sampling will be completed on an annual basis through the fifth year, when the 
program will be reviewed.

4.1.3 Reporting

The results of the monitoring activities will be provided in an annual monitoring report. The 
annual monitoring program will include an OU-wide groundwater elevation contour map, data 
summary tables presenting a comparison to the relevant GSI criteria, and recommendations (if 
needed).

4.1.4 Contingency Actions

In the event that the collected groundwater monitoring data show concentrations above the 
GSI criteria, monitoring wells may be re-sampled. If the results of re-sampling confirm the data, 
a response work plan will be submitted to USEPA, which may include additional monitoring, 
the installation of additional monitoring wells, or other appropriate actions. 

4.1.5 Monitoring Well Network Inspection and Maintenance

The monitoring well network will be inspected on an annual basis for 30 years to maintain and 
document the integrity of the monitoring wells.  In the event that the integrity of a monitoring 
well becomes questionable, the monitoring well will be abandoned and replaced. 
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5. Surface Water Monitoring

The goal of surface water monitoring is to measure turbidity and PCB levels in the Kalamazoo 
River during regrading activities that occur near or along the shoreline. Regrading activities to 
be monitored include removal and backfilling within the Willow Boulevard Landfill setback and 
berm regrading along the northern and eastern sides of the A-Site Landfill. Real-time turbidity 
data will be collected daily using turbidity monitoring devices with associated telemetry 
equipment from locations upstream and downstream of a given work area. Downstream data 
will be compared to concurrent upstream data to identify increases in turbidity (if any). In 
addition, inspections of the resuspension control system(s) installed in the river to contain 
disturbed sediments/soils and prevent downstream migration will be conducted on a daily 
basis. As described below, in the event turbidity measurements exceed prescribed action
levels, a range of mitigation measures will be implemented based on the magnitude of the 
turbidity changes noted. 

Surface water samples will be collected and analyzed for PCBs and Total Suspended Solids 
(TSS) from locations upstream and downstream of removal areas on a weekly basis to monitor 
potential impacts of construction on PCB concentrations, and to assess what, if any, increase 
in solids and PCB transport to downstream areas may be attributable to construction activities.

5.1 Methodology

Real-time, direct-read turbidity readings will be collected daily during periods when work is 
being performed adjacent to the river to identify construction-related contributions, if any, to 
river turbidity levels. Turbidity monitoring devices with associated telemetry equipment will be 
installed at the locations upstream and downstream of the removal area. The data will be 
logged continuously or at a time interval that provides a reasonably interpreted amount of data. 
The data will be processed to calculate a moving average on an hourly basis, and that hourly 
average will be compared to the prescribed action levels.

Weekly surface water grab samples will be collected for PCB and TSS analysis from mid-depth 
of the river channel. Sampling procedures, preservation and handling methods, and analytical 
protocols for monitoring for PCB Aroclors will be consistent with USEPA Method 608, with a 
practical quantitation level not to exceed 0.1 micrograms per liter (µg/L) (in accordance with the 
Multi-Area QAPP[ARCADIS 2010a]). Sampling procedures, preservation and handling, and 
analytical protocols for monitoring for TSS will be consistent with USEPA Method 160.2, with a 
practical quantitation level not to exceed 4 milligrams per liter (mg/L).
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5.2 Equipment

Turbidity monitoring devices will be used for monitoring turbidity upstream and downstream of 
the active work zones. These units will be calibrated, operated, and maintained according to 
the manufacturer’s instructions and will be capable of collecting point turbidity readings from 
water as deep as 15 feet. The devices will be able to measure turbidity at a resolution of +/- 1 
nephelometric turbidity unit (NTU).

Equipment to be used for collecting the surface water samples to be analyzed for PCBs and 
TSS will typically include the following:

• Health and safety equipment

• Cleaning equipment

• Boat and motor

• Depth sounder

• Telemetry and data logger

• Field notebook

• Appropriate transport containers and packing, labeling, and shipping materials (coolers) 
with ice

• Appropriate sample containers and forms

• Backup hand-held unit (to be used if telemetry and data logger stop working)

5.3 Locations

Turbidity data will be collected from one location upstream and two locations downstream of an 
active work area. For purposes of monitoring in-stream removal activities, the upstream 
location will typically be 200 feet from the upstream work limit, along the general flow path to 
the work area, although the specific upstream location is subject to change based on field 
conditions. The two downstream locations will be 200 feet and 300 feet, respectively, from the 
downstream work limit along the river flow path and will be determined in consultation with 
USEPA and MDNRE. Turbidity readings will be collected from approximately mid-depth at all 
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locations. Surface water PCB and TSS samples will be co-located with the upstream and 
furthest downstream turbidity monitoring locations. It is anticipated that a small boat will be 
used to access data collection points to service the turbidity measurement units and collect 
samples for PCB/TSS analysis. 

5.4 Data Collection Frequency

At a minimum, turbidity readings will be taken from all locations at these times:

• Prior to placement of any equipment or materials in a work area

• Following placement of equipment and materials but prior to work activities alongside the 
river

• At the beginning of each work day, two hours after work has been initiated in a given work 
area

• Every hour during work activities alongside the river

• At the end of each work day after activities have been completed in a given work area

Other readings may be collected based on field conditions, such as if visible runoff to the river 
in the vicinity of a work area is observed, or as part of mitigation measures.

Surface water samples collected for PCB and TSS analysis will be collected on a weekly basis 
when work is conducted along the river bank. Whenever possible, sampling will be conducted 
on the same day of the week, and at approximately the same time during the day – samples 
will be taken two hours after the start of work activities for the particular day in conjunction with 
the collection of the turbidity reading.

5.5 Resuspension Control System Inspections

Inspections of the resuspension control systems used when working next to the river will be 
conducted each day at the beginning of removal activities. Inspections will also be conducted, 
as appropriate, in response to visible sediment plumes migrating from the work area or 
measured turbidity levels above the action level (described in Section 5.6).

Routine daily resuspension control system inspections will consist of a surface assessment of 
the condition, location, and anchoring of curtains and flow deflector walls, if present. 
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Inspections in response to turbidity levels above the action level metric will begin with a surface 
inspection using a boat. If the cause of the turbidity exceedance cannot be determined through 
surface inspection (i.e., no visible damage, breach, tear, or dislocation), a hand-held turbidity 
meter or other appropriate methods will be used to further investigate.

If warranted, additional inspections may be conducted following higher-flow periods, noticeable 
turbidity increases outside the system, unexpected system position/behavior, contact with the 
system by equipment or debris, or other abnormal events.

5.6 Mitigation Measures

Mitigation measures may be taken based on the turbidity data obtained. If the downstream 
turbidity readings are greater than or equal to two times (2x) the concurrent upstream reading, 
specific steps will be initiated until the exceedance has been mitigated. The measurements 
made at the location 200 feet downstream of the work area will be used as an early warning of 
potential exceedances, and measurements made at the location 300 feet downstream of the 
work area will be compared against the Action Level (2x the upstream turbidity reading). 
Exceedance of the Action Level will trigger the mitigation measures summarized below, until 
the exceedance has been addressed and turbidity levels return to normal.

The first mitigation measure implemented in response to an exceedance will be an observation 
of the area downstream of the work area to determine whether distinct sediment plumes or 
other characteristics that may indicate the cause of increased turbidity are visible.

• If a sediment plume is visible, its point of origin will be identified through an inspection of 
the resuspension control system.

o In the event the resuspension control system is not functioning correctly or is 
damaged, work activities will be suspended until any necessary repairs or adjustments 
have been completed.

• If no suspended sediment plume is visible, the turbidity meter will be inspected for damage, 
malfunction, improper calibration, or other localized condition that may cause or mimic an 
elevated turbidity reading.

o If the meter is damaged or improperly calibrated, a replacement hand-held unit will be 
used until the original unit has been repaired and/or calibrated, and returned to service 
or until a new calibrated unit has been deployed.
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o If the meter is functioning properly, an inspection of the resuspension control system 
will be conducted, and any necessary repairs or modifications will be implemented.

If inspection results indicate that the resuspension control system appears to be intact and 
functioning properly, the method of removal activities may be adjusted or work may be halted if 
it appears that the exceedance of the Action Level was a result of work activities.

In cases where it is necessary to stop work activities, work may be resumed once turbidity 
readings have been below the Action Level for 30 minutes, provided that mitigation measures 
have been completed and unacceptable turbidity levels have not occurred.
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6. Mitigation Site Monitoring

Monitoring of the restored wetland (i.e., emergent and forested wetlands) and upland 
(i.e., riparian corridor and forested upland) areas will be conducted semiannually
(spring and summer) beginning in the first full growing season after completing
restoration activities. Monitoring will performed for five years, or until the performance 
standards listed below are achieved. Monitoring will include field inspections to 
evaluate the health and progress of seeded and planted vegetation and to respond to 
maintenance needs, as appropriate (see Sections 6.1 and 6.2). In addition, monitoring 
for signs of erosion or bank failure will be performed concurrently with the vegetation 
inspections (see Section 6.3). The following performance standards have been 
established for restored wetland and upland areas: 

• Replace dead trees or shrubs to maintain 85% of the planted stem density of the 
woody plants.

• Reseed or replant to maintain a minimum of 80% cover by non-invasive 
hydrophytes in emergent wetlands.

As part of the monitoring of the wetland and upland areas, field crews will observe and 
document invasive species of hydrophytes, including Common Reed (Phragmites 
australis), Purple Loosestrife (Lythrum salicaria), Reed Canary Grass (Phalaris 
arundinacea), and Buckthorn (Rhamnus frangula).

The relevant performance standard for the stabilized river banks is:

• Implementation of bank stabilization measures to repair or prevent further erosion 
or bank failure. 

This mitigation site monitoring program is considered the first phase of Operation and 
Maintenance at the OU. After the performance standards described above have been 
achieved, inspection and monitoring efforts will continue as described in the Operation 
and Maintenance Plan for the project (to be included in the Final Design Submittal).

6.1 Vegetation Monitoring

6.1.1 Restored Wetland Areas

The density of woody plants in the restored wetland habitats will be evaluated during 
the spring monitoring event. All surviving woody plantings and naturally recruited native 
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woody species will be tallied during a reconnaissance of each restoration area. The 
number of woody plants observed will be compared to the original number of woody 
plants planted to determine if the 85% stem density performance standard is met. If the 
performance standard is not being met, supplemental planting may be initiated using 
adaptive management techniques where species and/or sizes of plants that are better 
adapted to site conditions are selected for replacement plantings.

The percent cover by herbaceous species in restored wetland habitats will be 
evaluated during the summer monitoring inspection using standard 1-square-meter 
sampling quadrats. The quadrats will be randomly located throughout restoration areas 
at a density of 10 per acre. Inspection efforts in each quadrat will consist of identifying 
all species present in the quadrat, visually estimating the total percent cover of all 
species in the quadrat, and determining the percent cover of each species in the 
quadrat. The observed percent ground cover of all quadrats in a restored habitat will be 
combined to calculate the average percent cover of the restored habitat. If the 
observed percent cover is less than the performance standard (i.e., minimum 80%
cover by non-invasive hydrophytes), supplemental seeding may be implemented to 
attain a minimum 80% cover by the end of the 5-year monitoring period. 

6.1.2 Restored Upland Areas

An inspection of the restored upland areas will be conducted following the first full 
growing season after completing restoration activities. The objective of this type of 
inspection will be to evaluate the health and status of seeded and planted vegetation 
and respond to maintenance needs. Corrective actions will be implemented based 
upon the following performance standards:

• replace dead trees or shrubs to maintain 85% of the planted stem density of the 
woody plants

• reseed or replant to maintain a minimum of 80% herbaceous cover in seeded or 
planted upland areas

The density of woody plants in the restored upland habitats will be evaluated during the 
spring monitoring inspection. All surviving woody plantings and naturally recruited 
native woody species will be tallied during a reconnaissance of each restoration area. 
The number of woody plants observed will be compared to the original number of 
woody plants planted to determine if the 85% stem density performance standard is 
met. If the performance standard is not being met, supplemental planting may be 
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initiated using adaptive management techniques where species and/or sizes of plants 
that are better adapted to site conditions are selected for replacement plantings.

The percent cover by herbaceous species in restored upland habitats will be evaluated 
during the summer monitoring inspection using standard 1-square-meter sampling 
quadrats. Quadrats will be randomly located throughout restoration areas at a density 
of 10 per acre. Inspection efforts in each quadrat will consist of identifying all species 
present in the quadrat, visually estimating the total percent cover of all species in the 
quadrat, and determining the percent cover of each species in the quadrat. The 
observed percent ground cover of all quadrats in a restored habitat will be combined to 
calculate the average percent cover of the restored habitat. If the observed percent 
cover is less than the minimum 80% cover performance standard, supplemental 
seeding may be implemented to attain the performance standard. 

6.2 Bank Monitoring

Bank stabilization and revegetation activities will be monitored to document progress 
toward performance standards. Monitoring will include visual observations of the 
reconstructed banks and in-channel riverbed conditions for signs of bank failure, 
detrimental erosion, and vegetation/seeding success (described above). 

Restored bank conditions will be monitored semi-annually for a period of five years 
following the completion of construction, and will include at least one observation after 
a 2-year flood event (or greater), should one such event occur during the monitoring 
period. Monitoring events will be tentatively scheduled for the spring and summer, 
consistent with the vegetation monitoring events, when ground cover conditions permit 
easier observation of bank conditions. Monitoring activities will include conducting a 
visual inspection of bank conditions, developing written inspection logs, and 
photographing any conditions of note, including:

• Stable bank conditions

• Obvious signs of sloughing, gullying, or rill erosion

• Bank undercutting or loss of armoring materials (i.e., loss of stones, erosion control 
matting, and/or vegetation)

• Any obvious signs of lateral bank movement (i.e., due to erosion or deposition)
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Observed conditions will be recorded in a monitoring inspection log and photographed 
at the time of inspection. The monitoring inspection log will include the date(s) of 
inspection, weather conditions at the time of inspection, river flow (in cubic feet per 
second) at the time of inspection (as measured at the nearest upstream gauging 
station), names and roles of persons performing the inspection, detailed descriptions of 
observed conditions, and a list and description of any photographs taken (including any 
additional photographs that may be taken to illustrate the general performance of the 
work). 

Any areas that require maintenance or repair will be identified and a repair plan will be 
designed for implementation prior to the next monitoring event.

6.3 Mitigation Site Monitoring and Maintenance Reports

An annual monitoring report will be prepared to document the observations made 
during the mitigation site inspections (i.e., the stability of reinstated banks as well as 
the establishment of seeded and planted vegetation) at the end of each monitoring 
year. The reports will summarize the progress of the restored habitats toward 
performance standards, describe any maintenance activities necessary to adaptively 
manage the areas, and include photo documentation of restored banks and vegetation 
development from established vantage points. If all performance standards are met 
before the end of the fifth monitoring year, the short-term program described in this 
section will end, and inspection and monitoring efforts will continue as described in the 
Operation and Maintenance Plan for the project (Appendix J ofto be included in the 
Final Design reportSubmittal). If a performance standard is not met by the end of the 
fifth monitoring year, maintenance and monitoring as described in this section will 
continue until the performance standard is achieved.



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\appendices\appendix c - psvp\wb_a-site ou psvp-03.10.11.docx 7-1
Created by: DA 3/10/2011
Project Number: B0064581.00670/B0064582.00670

Willow Boulevard/A-Site Landfill 
Operable Unit 2 Performance 
Standards Verification Plan

DRAFT FOR FEDERAL AND STATE REVIEW

7. References

ARCADIS. 2011. Willow Boulevard/A-Site Landfill Operable Unit 2 Final Remedial 
Design Report (Design Report). March 2011.

ARCADIS. 2010a. Multi-Area Quality Assurance Project Plan for the Allied Paper, 
Inc./Portage Creek/Kalamazoo River Superfund Site, Revision 1. March 2010.

ARCADIS. 2010b. Addendum 6 to the Multi-Area Health and Safety Plan for the Allied 
Paper, Inc./Portage Creek/Kalamazoo River Superfund Site. March 2010.

ARCADIS. 2010c. Addendum 3 to the Multi-Area Field Sampling Plan for the Allied 
Paper, Inc./Portage Creek/Kalamazoo River Superfund Site. March 2010.

ARCADIS. 2010d. Willow Boulevard/A-Site Landfill Operable Unit 2 Pre-Final Design 
Report (Design Report). December 2010.

ARCADIS BBL. 2007a. Multi-Area Field Sampling Plan for the Allied Paper, 
Inc./Portage Creek/Kalamazoo River Superfund Site, Revision 1. October 2007.

ARCADIS BBL. 2007b. Multi-Area Health and Safety Plan for the Allied Paper, 
Inc./Portage Creek/Kalamazoo River Superfund Site (Multi-Area HSP). May 2007.

CDM. 2003. Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site – Final 
(Revised) Baseline Ecological Risk Assessment, April 2003.

MDEQ. 1998. Guidebook of Best Management Practices for Michigan Watersheds. 
Surface Water Quality Division, reprinted October 1998.

MDEQ 2002. Sampling Strategies and Statistics Training Materials for Part 201 
Cleanup Criteria.

Tchobanoglous, Theisen, and Vigil, 1993. Integrated solid waste management, 1993

USEPA. 2006. Willow Boulevard/ A-Site Landfill Operable Unit 2 Record of Decision, 
September 2006.



Figures









Appendix D

Geotechnical Calculations



 

WBA Stability Calc Sheet_rev030311.docx 

 

Page 1 of 7

Calculation 

Imagine the result 

Client: Georgia-Pacific LLC Project: B0064581/B0064582 

Prepared by: Grant R. Mott/ Jason Thorpe Date: 11/19/2010 
Title: Willow Boulevard / A-Site Landfill Revised: 3/2/2011 
Reviewed/Revised By: Adam Chwalibog Date: 3/2/2011 
 
Subject: Slope Stability and Veneer Stability Analyses for Proposed Remediation at Willow 

Boulevard / A-Site Operable Unit 

 
 
Objectives: 
 
To evaluate the stability of the critical slopes at both the Willow Boulevard and A-Site Landfills 

and to evaluate the cover stability of the proposed new cap under final build-out. 

 

References:  
1. Blasland, Bouck & Lee Inc.  “Allied Paper, Inc./Portage Creek/Kalamazoo River 

Superfund Site Remedial Investigation Feasibility Study.” April 1995. 

2. Koerner, Robert M., “Designing with Geosynthetics.”, 5th Ed., Prentice Hall, New Jersey, 
2005. 

3. Koerner, R.M., and Te-Yang Soong, "Analysis and Design of Veneer Cover Soils.", 6th  
 International Conference on Geosynthetics, 1998. 

4. SLOPE/W Version 7.14, Geo-Slope International Ltd. Calgary, Alberta, Canada. 

5. U.S. Army Corps of Engineers. Engineering and Design: Design of Sheet Pile Walls.  
Manual No. 1110-2-2504. Washington D.C. 1994. 

6. USGS Seizmic Hazard Map. “PGA with 2% in 50 years 2008 USGS” 
http://earthquake.usgs.gov/hazards/products/conterminous/2008/maps/us/PGA.10in50.u
sa.jpg 

Assumptions: 

• Slope Stability Analyses 

o Critical slope geometry was modeled based on the final grading plan with 
TerraModel.  For plan / profile views of section cuts and geometry defining 
points, see attached. 

o Soil layering was determined based on soil borings from the most recent 
geotechnical site investigation conducted at the site.  Profiles were compared to 
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historic sections as a quality assurance measure (Reference 1). 

o Soil and paper residual properties were based on lab testing and SPT blow 
counts.  See attached sheets for table of lab data and soil borings.  The final soil 
properties used in the analyses are shown below.  It should be noted that 
properties for the peat layer in the W1 section were estimated. 

Table 1 - Soil Properties 

Landfill Material 
γsat Φ’ c' 

Source of Data 
(pcf) (º) (psf)

General Fill/Cap  125 32 0 Estimate 

A-site 

Paper residuals 96.1 21.9 132 Mateco 
New paper residuals 125 21.9 132 Estimate 
Grey fine SAND 95 28 0 USACE 
Lower brown fine SAND 110 31 0 USACE 
Grey / brown SAND 113 29 0 USACE 
Upper brown fine SAND 100 28 0 USACE 

Willow Blvd 

General Fill/Cap  125 32 0 Estimate 
Paper residuals 103.3 27 100 Mateco 
New paper residuals 125 27 100 Estimate 
Peat 90 25 100 Estimate 
Brown fine SAND 113 32 0 USACE 
Grey / brown F-M SAND 125 32.1 335 Mateco 
F-C GRAVEL, F-C SAND 110 31 0 USACE 

 

o The piezometric surfaces for A-site and Willow Boulevard were developed using 
monitoring well data readings in both the existing paper residuals and subsurface 
materials (Reference 1).  For A-site, a perched leachate condition was 
incorporated as a piezometric surface associated with the existing residuals 
using data from monitoring wells AMW-6P, AMW-7P, AMW-9P, and AMW-10P. 

o It is assumed that the paper residuals added to the landfill to create the final build 
out grade may have high water contents in some instances, and thus have 
conservatively been modeled using a higher unit weight than the existing 
residuals in both landfills.  

o The landfills are designed for a seismic event using a peak ground acceleration 
of 0.05g, which is equal to a 2500 yr event (Reference 6). 

o Intermediate construction slope stability sections were also considered along the 
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south portion of the landfills and take into account the deepest excavation area 
along the south portions of the site. Only static conditions were considered for 
the intermediate construction cases since it is a short term scenario. 

o Minimum acceptable factors of safety (FOS) are 1.5 for static conditions and 1.0 
for seismic conditions. For temporary static conditions, a minimum FOS of 1.25 is 
acceptable. 

• Veneer 

o The landfill cap is comprised of (bottom to top):  

 gas venting sand layer;  

 textured LLDPE Flexible Membrane Liner (FML); 

 heat-bonded non-woven geocomposite;  

 soil protection layer; and  

 vegetative soil. 

o The critical interface in the cap was assumed to be between the LLDPE and the 
geocomposite.  The interface friction angle between HDPE and a non woven, 
heat bonded geocomposite is 28 degrees (Reference 2).  A conservative value of 
26 was used for design. 

o The cap consists of 1’ of gas venting sand, 2’ of protective soil and 0.5’ of topsoil.  
The sand and protective soil were assumed to have unit weights of 
approximately 125 pcf and the topsoil a unit weight of 115 pcf.   

o A construction load of 92 psf was used and applied with a pressure equal to the 
weight of the partially loaded truck (7000 lbs) divided by the area between the 
four wheels (approximately 76 ft2). 

o For veneer calculations, the following parameters were used: 
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Table 2 - Soil Properties (Cover) 

Thickness of cover soil, h 2.5 ft 
Soil slope angle beneath the geomembrane, beta 14.04 degrees
Length of longest (uniterupted) slope measured along the geomembrane, L 137 ft 
Unit weight of the cover soil, gamma 123 pcf 
Friction angle of the cover soil, theta 28 degrees
Cohesion of the cover soil, c 0 psf 
Minimum interface friction angle in the cover system, delta 26.0 degrees

Adhesion between cover soil and geomembrane, ca 0 psf 

Equipment weight, Wb 7,000 lb 
Length of each equipment track, w 11.4 ft 
Width of each equipment track, b 3.33 ft 
Influence factor at geomembrane interface, I  0.95   

Average seismic coefficient, Cs 0.05 g 
 

 

Calculations: 
 
Slope Stability 
The slope stability analysis was performed using the computer program Slope/W by Geo-Slope. 

Slope/W uses a limit equilibrium wedge method for analysis to solve for slope stability by 

balancing both the driving and resisting forces to determine a safety factor against global 

stability. The Spencer method was use by Slope/W to perform this analysis. The soils in the 

slope were modeled with geotechnical parameters (i.e. strength, weight) based on both 

laboratory and SPT data collected in the field.   

 

The assumed critical slope (based on geometry and length) was evaluated for each of the 

Willow Boulevard and A-Site landfills.  The cross-section locations are provided in the 

attachments.  A pseudo-static analysis of each section was performed using a horizontal 

seismic coefficient of 0.05, which was obtained from the USGS ground acceleration maps 
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(Reference 6).  This peak ground acceleration corresponds to a 2500 year event (2% in 50 yrs).  

The factors of safety calculated in these analyses can be seen in the table below. 

 

Section Load Case Factor of 
Safety 

A1 Static 1.96 
A1 Seismic 1.59 
A2 Static 1.91 
A2 Seismic 1.59 
A3 Static 2.10 
A3 Seismic 1.71 

A-Temp Static 1.39 
W1 Static 2.24 
W1 Seismic 1.85 
W2 Static 2.63 
W2 Seismic 2.16 

 

Both sites were found to be stable with factors of safety greater than 1.5 in the examined 

scenarios for static and 1.0 for seismic, and 1.25 for temporary static conditions.  Stability 

outputs are provided in the attachments to this calculation sheet. 
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Veneer Stability 
 
The following equations and diagrams were used in the veneer analysis (Reference 2 and 3).  

 
Equations:  
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AW  = total weight of the active wedge 

PW  = total weight of the passive wedge 

AN  = effective force normal to the failure plane of the active wedge 

γ  = unit weight of the cover soil 

h  = thickness of the cover soil 

L  = length of the slope measured along the geomembrane 

β  = soil slope angle beneath the geomembrane 

φ  = friction angle of the cover soil 

δ  = interface friction angle between cover soil and geomembrane 

ac  = adhesion between cover soil of the active wedge and the geomembrane

c  = cohesion of the cover soil 

 

Veneer stability was examined for long term, short term, and seismic loading conditions.  25% 

slopes were examined for a length of 137 feet.  It was found in all cases that factor of safety 

values were greater than or equal to 1.5.  This indicates that the slopes are likely to be stable for 

the specific conditions examined herein.  See table below for specific load cases and 

corresponding factors of safety. 

 

Load Case, Peak 
Strength 

Factor of 
Safety 

Long-Term 2.05
Short Term 2.05
Seismic Loading 1.68

 

Interface friction testing on cap materials will be required prior to construction to verify minimum 

interface angles used in the design. 

 

Complete calculations and results are provided in the attachment. 





1.956

Name: Paper Residuals      Unit Weight: 96.1 pcf     Cohesion: 132 psf     Phi: 21.9 °     Piezometric Line: 1      
Name: Lower Brown Fine Sand      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 31 °     Piezometric Line: 2      
Name: Gray / Brown Sand      Unit Weight: 113 pcf     Cohesion: 0 psf     Phi: 29 °     Piezometric Line: 2      
Name: Gray Fine Sand      Unit Weight: 95 pcf     Cohesion: 0 psf     Phi: 28 °     Piezometric Line: 2      
Name: General Fill/Cap Material      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 2      
Name: Paper Residuals from Excavation Areas      Unit Weight: 125 pcf     Cohesion: 132 psf     Phi: 21.9 °     Piezometric Line: 1      

Section A1 - Static
Distance
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1.589

Name: Paper Residuals      Unit Weight: 96.1 pcf     Cohesion: 132 psf     Phi: 21.9 °     
Name: Lower Brown Fine Sand      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 31 °     Piezometric Line: 2      
Name: Gray / Brown Sand      Unit Weight: 113 pcf     Cohesion: 0 psf     Phi: 29 °     Piezometric Line: 2      
Name: Gray Fine Sand      Unit Weight: 95 pcf     Cohesion: 0 psf     Phi: 28 °     Piezometric Line: 2      
Name: General Fill/Cap Material      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 2      
Name: Paper Residuals from Excavation Areas      Unit Weight: 125 pcf     Cohesion: 132 psf     Phi: 21.9 °     Piezometric Line: 1      

Section A1 - Seismic
Distance
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1.914

Name: Paper Residuals      Unit Weight: 96.1 pcf     Cohesion: 132 psf     Phi: 21.9 °     Piezometric Line: 2      
Name: Lower Brown Fine Sand      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 31 °     Piezometric Line: 1      
Name: Gray / Brown Sand      Unit Weight: 113 pcf     Cohesion: 0 psf     Phi: 29 °     Piezometric Line: 1      
Name: Gray Fine Sand      Unit Weight: 95 pcf     Cohesion: 0 psf     Phi: 28 °     Piezometric Line: 1      
Name: General Fill/Cap Material      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °     Piezometric Line: 1      
Name: Paper Residuals from Excavation Areas      Unit Weight: 125 pcf     Cohesion: 132 psf     Phi: 21.9 °     

Section A2 - Static
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1.587

Name: Paper Residuals      Unit Weight: 96.1 pcf     Cohesion: 132 psf     Phi: 21.9 °     Piezometric Line: 2      
Name: Lower Brown Fine Sand      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 31 °     Piezometric Line: 1      
Name: Gray / Brown Sand      Unit Weight: 113 pcf     Cohesion: 0 psf     Phi: 29 °     Piezometric Line: 1      
Name: Gray Fine Sand      Unit Weight: 95 pcf     Cohesion: 0 psf     Phi: 28 °     Piezometric Line: 1      
Name: General Fill/Cap Material      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °     Piezometric Line: 1      
Name: Paper Residuals from Excavation Areas      Unit Weight: 125 pcf     Cohesion: 132 psf     Phi: 21.9 °     

Section A2 - Static
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2.102

Name: Paper Residuals      Unit Weight: 96.1 pcf     Cohesion: 132 psf     Phi: 21.9 °     Piezometric Line: 2      
Name: Lower Brown Fine Sand      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 31 °     Piezometric Line: 1      
Name: Gray / Brown Sand      Unit Weight: 113 pcf     Cohesion: 0 psf     Phi: 29 °     Piezometric Line: 1      
Name: Gray Fine Sand      Unit Weight: 95 pcf     Cohesion: 0 psf     Phi: 28 °     Piezometric Line: 1      
Name: General Fill/Cap Material      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Paper Residuals from Excavation Areas      Unit Weight: 125 pcf     Cohesion: 132 psf     Phi: 21.9 °     

Section A3 - Static
Distance
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1.706

Name: Paper Residuals      Unit Weight: 96.1 pcf     Cohesion: 132 psf     Phi: 21.9 °     Piezometric Line: 2      
Name: Lower Brown Fine Sand      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 31 °     Piezometric Line: 1      
Name: Gray / Brown Sand      Unit Weight: 113 pcf     Cohesion: 0 psf     Phi: 29 °     Piezometric Line: 1      
Name: Gray Fine Sand      Unit Weight: 95 pcf     Cohesion: 0 psf     Phi: 28 °     Piezometric Line: 1      
Name: General Fill/Cap Material      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Paper Residuals from Excavation Areas      Unit Weight: 125 pcf     Cohesion: 132 psf     Phi: 21.9 °     

Section A3 - Seismic
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1.392

North South

Section A-Temp

Name: Paper Residuals      Model: Mohr-Coulomb      Unit Weight: 96.1 pcf     Cohesion: 132 psf     Phi: 21.9 °     Piezometric Line: 1      
Name: Lower Brown Fine Sand      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 31 °     Piezometric Line: 1      
Name: Gray / Brown Sand      Model: Mohr-Coulomb      Unit Weight: 113 pcf     Cohesion: 0 psf     Phi: 29 °     Piezometric Line: 1      
Name: Gray Fine Sand      Model: Mohr-Coulomb      Unit Weight: 95 pcf     Cohesion: 0 psf     Phi: 28 °     Piezometric Line: 1      
Name: Upper Brown Fine Sand      Model: Mohr-Coulomb      Unit Weight: 100 pcf     Cohesion: 0 psf     Phi: 28 °     Piezometric Line: 1      
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Peat

F-C Gravel, F-C Sand

Grey / Brown F-M Sand

Brown Fine Sand

General Fill / Cap Material

Paper Residuals

Paper Residuals from Excavation Areas

2.236

North

Section W1 - Static

Name: Paper Residuals      Model: Mohr-Coulomb      Unit Weight: 103.3 pcf     Cohesion: 100 psf     Phi: 27 °     Piezometric Line: 2      
Name: General Fill / Cap Material      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Peat      Model: Mohr-Coulomb      Unit Weight: 90 pcf     Cohesion: 100 psf     Phi: 25 °     Piezometric Line: 1      
Name: Brown Fine Sand      Model: Mohr-Coulomb      Unit Weight: 113 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Grey / Brown F-M Sand      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 335 psf     Phi: 32.1 °     Piezometric Line: 1      
Name: F-C Gravel, F-C Sand      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 31 °     Piezometric Line: 1      
Name: Paper Residuals from Excavation Areas      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 100 psf     Phi: 27 °     
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Peat

F-C Gravel, F-C Sand

Grey / Brown F-M Sand

Brown Fine Sand

General Fill / Cap Material

Paper Residuals

Paper Residuals from Excavation Areas

1.845

North

Section W1 - Seismic

Name: Paper Residuals      Model: Mohr-Coulomb      Unit Weight: 103.3 pcf     Cohesion: 100 psf     Phi: 27 °     Piezometric Line: 2      
Name: General Fill / Cap Material      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Peat      Model: Mohr-Coulomb      Unit Weight: 90 pcf     Cohesion: 100 psf     Phi: 25 °     Piezometric Line: 1      
Name: Brown Fine Sand      Model: Mohr-Coulomb      Unit Weight: 113 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Grey / Brown F-M Sand      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 335 psf     Phi: 32.1 °     Piezometric Line: 1      
Name: F-C Gravel, F-C Sand      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 31 °     Piezometric Line: 1      
Name: Paper Residuals from Excavation Areas      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 100 psf     Phi: 27 °     
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Peat

F-C Gravel, F-C Sand
Brown Fine Sand

Grey / Brown F-M Sand

General Fill / Cap Material

Paper Residuals

Paper Residuals from Excavation Areas

2.631

North

Section W2 - Static

Name: Paper Residuals      Model: Mohr-Coulomb      Unit Weight: 103.3 pcf     Cohesion: 100 psf     Phi: 27 °     
Name: General Fill / Cap Material      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Peat      Model: Mohr-Coulomb      Unit Weight: 90 pcf     Cohesion: 100 psf     Phi: 25 °     Piezometric Line: 1      
Name: Brown Fine Sand      Model: Mohr-Coulomb      Unit Weight: 113 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Grey / Brown F-M Sand      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 335 psf     Phi: 32.1 °     Piezometric Line: 1      
Name: F-C Gravel, F-C Sand      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 31 °     Piezometric Line: 1      
Name: Paper Residuals from Excavation Areas      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 100 psf     Phi: 27 °     
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Peat

F-C Gravel, F-C Sand
Brown Fine Sand

Grey / Brown F-M Sand

General Fill / Cap Material

Paper Residuals

Paper Residuals from Excavation Areas

2.162

North

Section W2 - Seismic

Name: Paper Residuals      Model: Mohr-Coulomb      Unit Weight: 103.3 pcf     Cohesion: 100 psf     Phi: 27 °     
Name: General Fill / Cap Material      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Peat      Model: Mohr-Coulomb      Unit Weight: 90 pcf     Cohesion: 100 psf     Phi: 25 °     Piezometric Line: 1      
Name: Brown Fine Sand      Model: Mohr-Coulomb      Unit Weight: 113 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Grey / Brown F-M Sand      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 335 psf     Phi: 32.1 °     Piezometric Line: 1      
Name: F-C Gravel, F-C Sand      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 31 °     Piezometric Line: 1      
Name: Paper Residuals from Excavation Areas      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 100 psf     Phi: 27 °     
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Peat

F-C Gravel, F-C Sand

Brown Fine Sand

Paper Residuals

Grey / Brown F-M Sand

1.980

North South

Information from GT-WB-4, RC-WB-1, RC-WB-2, GT-WB-2, 
WMW-1, and WMW-1A was also used in the creation of this profile.

Name: Paper Residuals      Model: Mohr-Coulomb      Unit Weight: 103.3 pcf     Cohesion: 100 psf     Phi: 27 °     Piezometric Line: 1      
Name: Peat      Model: Mohr-Coulomb      Unit Weight: 90 pcf     Cohesion: 100 psf     Phi: 25 °     Piezometric Line: 1      
Name: Brown Fine Sand      Model: Mohr-Coulomb      Unit Weight: 113 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Grey / Brown F-M Sand      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 335 psf     Phi: 32.1 °     Piezometric Line: 1      
Name: F-C Gravel, F-C Sand      Model: Mohr-Coulomb      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 31 °     Piezometric Line: 1      
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Georgia-Pacific LLC
Willow Boulevard / A-Site Landfill Operable Unit

Final Cover Stability Calculations

Thickness of cover soil, h 2.5 ft
Soil slope angle beneath the geomembrane, beta 14.04 degrees 0.25 radians
Length of slope measured along the geomembrane, L 137.00 ft
Unit weight of the cover soil, gamma 123 pcf
Friction angle of the cover soil, theta 28 degrees 0.49 radians
Cohesion of the cover soil, c 0 psf
Interface friction angle between cover soil and geomembrane, delta 26.0 degrees 0.45 radians
Adhesion between cover soil and geomembrane, ca 0 psf
Total weight of the active wedge, WA 38,863 lb
Total weight of the passive wedge, Wp 1633 lb
Effective force normal to the failure plane of the active wedge, N A 37,702 lb

a = 2,219
b = -4,833
c = 575

Factor of Safety = 2.05

Notes:
(1)  The above calculations are based on reference 3 "Analysis and Design of Veneer Cover Soils" 
by R.M. Koerner and Te-Yang Soong, published in Sixth International Conference on Geosynthetics (1998).
(2)  The friction angle of the cover soil and the minimum interface friction angle in the cover system are 
assumed input parameters.

4:01
Rise 16.17 ft
Run 64.76 ft

Length 66.7482 ft

Peak Strength
Long-Term Static Veneer Cover Stability

Uniform Cover Soil Thickness
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Georgia-Pacific LLC
Willow Boulevard / A-Site Landfill Operable Unit

Final Cover Stability Calculations

Thickness of cover soil, h 2.5 ft
Soil slope angle beneath the geomembrane, beta 14.04 degrees 0.25 radians
Length of slope measured along the geomembrane, L 137 ft
Unit weight of the cover soil, gamma 137 pcf
Friction angle of the cover soil, theta 28 degrees 0.49 radians
Cohesion of the cover soil, c 0 psf
Minimum interface friction angle in the cover system, delta 26.0 degrees 0.45 radians
Adhesion between cover soil and geomembrane, ca 0 psf
Equipment weight, Wb 7,000 lb
Equipment ground pressure (weight of equipment/(2wb)), q 92.1975 psf
Length of each equipment track, w 11.4 ft
Width of each equipment track, b 3.33 ft
Influence factor at geomembrane interface, I 0.95
Acceleration/deceleration of the bulldozer, a 0 g

b/h 1.332
Equivalent equipment force per unit width at the geomembrane interface, W e 998 lb
Modified total weight of the active wedge, W A1 44,284 lb
Total weight of the passive wedge, Wp 1819 lb
Modified effective force normal to the failure plane of the active wedge, N A1 42,962 lb

a= 2,528
b= -5,502
c= 656

Factor of Safety = 2.05

Notes:
(1)  The above calculations are based on reference 3 "Analysis and Design of Veneer Cover Soils" 
by R.M. Koerner and Te-Yang Soong, published in Sixth International Conference on Geosynthetics (1998).
(2)  The above calculation does not account for acceleration/deceleration of the bulldozer.
(3)  The Influence Factor, I, is estimated from Figure 7 of reference 3.
(4)  The friction angle of the cover soil, the minimum interface friction angle of the cover soil, and equipment 
weight are assumed input parameters.

Peak Strength
Short-Term Veneer Cover Stability

Uniform Cover Soil Thickness with Equipment Loads

C:\Users\achwalibog\Documents\ARCADIS Documents\WBA\WBA veneer.xlsx
3/2/2011 1 of 1



Georgia-Pacific LLC
Willow Boulevard / A-Site Landfill Operable Unit

Final Cover Stability Calculations

Thickness of cover soil, h 2.5 ft
Soil slope angle beneath the geomembrane, beta 14.04 degrees 0.25 radians
Length of slope measured along the geomembrane, L 137 ft
Unit weight of the cover soil, gamma 123 pcf
Friction angle of the cover soil, theta 28 degrees 0.49 radians
Cohesion of the cover soil, c 0 psf
Minimum interface friction angle in cover system, delta 26.0 degrees 0.45 radians
Adhesion between cover soil and geocomposite, ca 0 psf
Total weight of the active wedge, WA 38,863 lb
Total weight of the passive wedge, Wp 1633 lb
Effective force normal to the failure plane of the active wedge, N A 37,702 lb
Average seismic coefficient, Cs 0.05

a= 10,837
b= -19,579
c= 2,301

Factor of Safety = 1.68

Notes:
(1)  The above calculations are based on reference 3 "Analysis and Design of Veneer Cover Soils" 
by R.M. Koerner and Te-Yang Soong, published in Sixth International Conference on Geosynthetics (1998).
(2)  The friction angle of the cover soil, the minimum required interface friction angle of the cover system, and
the seismic coefficient are assumed input parameters.

Peak Strength
Seismic Veneer Cover Stability

Uniform Cover Soil Thickness with Seismic Forces
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Client: Georgia-Pacific LLC Project: B0064581/B0064582 

Prepared by: Grant R. Mott/ Jason Thorpe Date: 11/19/2010 
Title: Willow Boulevard / A-Site Landfill Revised: 3/2/2011 
Reviewed/Revised By: Adam Chwalibog     Date: 3/2/2011 
 
 
Objectives: 
 
To evaluate the magnitude of primary consolidation/rebound and secondary consolidation at 

critical sections of the proposed remediation work at the Willow Boulevard and A-Site landfills to 

ensure that minimum slope requirements (2%) are met post-consolidation. 

 

References: 
 

1. Das, Braja M. Principles of Geotechnical Engineering: 6th Edition.  Thomson Canada. 
America. 2006. 

2. Blasland, Bouck & Lee Inc.  “Allied Paper, Inc./Portage Creek/Kalamazoo River 
Superfund Site Remedial Investigation Feasibility Study.” April 1995. 

 

Assumptions: 
 

• It is assumed that the material beneath the paper residuals is permeable enough that 
water within the residuals materials will drain from the top and bottom of the landfill. 

• The most settlement will occur where the cap is the thickest and the most material is 
added to the landfill. 

• Consolidation will only take place within the paper residual materials of the landfill. The 
cap materials and native material beneath the residuals will consolidate during 
construction. 

• Settlement analyses were performed to verify the requirements specified in Michigan 
Part 115. 

• Based on laboratory testing, the paper residuals in the landfills have the properties listed 
the table below: 
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Table 1 - Consolidation Properties 

Material Section 
γsat γsub γdry SpG eo Cc Cr Tv cv 

(pcf) (pcf) (pcf)           (ft2/yr)

Residuals A-Site 96.1 33.7 59.50 2.310 1.42 0.360 0.050 1.129 87.6
Residuals Willow 103.3 40.9 103.30 2.553 1.37 0.430 0.030 1.129 113.2

 

• The phreatic surface was assumed to follow the water contours shown in the RIFS 
Figure 8 (Reference 2)This water table elevation puts water levels below the base of the 
paper residuals. 

• The landfill cap is composed of 2 ft. of protective soil (γsat = 125 pcf), 0.5 ft of topsoil (γsat 
= 115 pcf), and 1 ft of gas venting sand (γsat = 125 pcf).  The total surcharge created by 
the landfill cap is calculated to be 432.5 psf. 

 

Calculations: 
 
Consolidation analyses were performed at two points in both the Willow Boulevard and A-Site 

landfills.  For the final designed landfill cap geometry to be acceptable, the minimum allowable, 

permanent slope must be between 2% - 25% after consolidation to maintain proper surface 

drainage.  In addition, differential settlement along the sections was evaluated to determine 

post-consolidation grades as well as evaluate any potential damage to the cover system.   

 

Terzaghi’s one dimensional consolidation equation was used to determine the primary 

consolidation, secondary compression and time-rate of consolidation.  The equations used in 

the analysis are provided below.  For a detailed presentation of the calculations performed, see 

attached sheets. 

 

Primary Consolidation: 
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Secondary Compression 
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Results: 
 
The time required to reach 95% consolidation was calculated for each of the four locations 

described above.  A time factor, Tv, of 1.129 was used.  The results of these calculations can be 

seen in the table below. 

 

Landfill 
Site 

Degree of 
Consolidation 

Time 
Factor

Length of 
Drainage Path 

Coefficienty of 
Consolidation Time Time 

U (%) Tv HDR (ft) cv (ft2/yr) t (yrs) t (days) 

A - Site 95 1.129 24.5 87.6 7.736 2823.7
95 1.129 16.3 87.6 3.403 1242.2

Willow 
Blvd 

95 1.129 15.8 113.2 2.474 903.0
95 1.129 12.1 113.2 1.460 533.0

 

The amount of settlement at each of the four locations was calculated using the results of the 

time rate of consolidation calculations and the soil properties and section properties discussed 

above.  The results of these calculations represent the settlement taking place within the first 50 

years after landfill construction.  Given the estimated time to reach 95% primary consolidation 
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is, at most, approximately 5.3 years, this settlement is thought to represent the long term slope 

geometry.  The table below presents a summary of the settlement calculations performed.  

Detailed calculations can be found in the attachments 

 

Table 2 - Consolidation Results 

Landfill Name A-Site Willow Boulevard
Location A1 A2 W1 W2 
Thickness of Existing Residuals 32.1 20.3 19.2 20.0
Thickness of New Residuals 17.0 12.2 12.3 4.1
Pressure of Cap 432.5 432.5 432.5 432.5
Primary consolidation/rebound at 30 years (inches) 30.24 20.77 24.72 16.19
Secondary compression at 30 years (inches) 1.42 1.36 1.78 1.59

Total settlement at 30 years (inches) 31.66 22.13 26.50 17.78
Maximum differential settlement (inches) 9.53 8.72 
Initial elevation (ft) 806.25 793.42 788.39 784.00
final elevation (ft) 803.61 791.58 786.18 782.52
Initial Average Slope 6.41% 2.93% 
Final Average Slope 6.02% 2.44% 

 

Based on the settlement results above, it is determined the cover slopes of the landfill will be 

above the minimum required 2% after primary consolidation and secondary compression.  

Based on the above points, conditions, and soil properties, the calculated settlement in the 

Willow Boulevard and A-Site landfills is acceptable. 



A
1

A
2

W
2

W
1



Section A-1
Void Ratio (Residuald) = 1.42 Cap 1.0 432.5 Cap Topsoil 0.5 115

Cap Load, qo = 432.5 psf 96.1 17.0' New Paper Residuals Protection Layer 2 125
Time = 50 yrs 32.0' Old Paper Residuals Gas Venting Layer 1 125

Depth to Water Table = 17.7 ft Weight of Cap 432.5 psf Sand Total 432.5
Total Primary Consolidation 30.24 in
Total Consolidation @ Time 31.66 in 0.0

Depth (ft) Soil 
Type

γs 
(pcf)

Vertical Effective 
Stress (psf), σ'o

Stress Increase, 
Δσ' (psf)

Preconsolidatio
n Stress (psf) σ'c

Void Ratio eo

Compress
ion Index 

Cc

Recompressi
on Index Cr

Secondary 
Compression 

Index Cα

Time Required to 95% 
Condolidation t p 

(years)
Time t (years)

Primary 
Consolida
tion  (in)

Secondary 
Compression (in)

Total Primary 
Consolidation 
Settlement (in)

Total Secondary 
Compression (30 

years) (in)

Total 
Settlement 

@ Time 
(years)

0.0 96.1 0.0 432.50 0 1.42 0.36 0.05 0.0072 7.700 50 0.000 0.0000 0.0000 0.0000 0.00
0.5 96.1 48.1 480.55 0 1.42 0.36 0.05 0.0072 7.700 50 0.929 0.0145 0.9288 0.0145 0.94
1.0 96.1 96.1 528.60 0 1.42 0.36 0.05 0.0072 7.700 50 0.725 0.0145 1.6538 0.0290 1.68
1.5 96.1 144.2 576.65 0 1.42 0.36 0.05 0.0072 7.700 50 0.623 0.0145 2.2772 0.0435 2.32
2.0 96.1 192.2 624.70 0 1.42 0.36 0.05 0.0072 7.700 50 0.560 0.0145 2.8376 0.0580 2.90
2.5 96.1 240.3 672.75 0 1.42 0.36 0.05 0.0072 7.700 50 0.517 0.0145 3.3547 0.0725 3.43
3.0 96.1 288.3 720.80 0 1.42 0.36 0.05 0.0072 7.700 50 0.485 0.0145 3.8399 0.0870 3.93
3.5 96.1 336.4 768.85 0 1.42 0.36 0.05 0.0072 7.700 50 0.461 0.0145 4.3007 0.1014 4.40
4.0 96.1 384.4 816.90 0 1.42 0.36 0.05 0.0072 7.700 50 0.441 0.0145 4.7420 0.1159 4.86
4.5 96.1 432.5 864.95 0 1.42 0.36 0.05 0.0072 7.700 50 0.426 0.0145 5.1675 0.1304 5.30
5.0 96.1 480.5 913.00 0 1.42 0.36 0.05 0.0072 7.700 50 0.412 0.0145 5.5799 0.1449 5.72
5.5 96.1 528.6 961.05 0 1.42 0.36 0.05 0.0072 7.700 50 0.401 0.0145 5.9812 0.1594 6.14
6.0 96.1 576.6 1009.10 0 1.42 0.36 0.05 0.0072 7.700 50 0.392 0.0145 6.3731 0.1739 6.55
6.5 96.1 624.7 1057.15 0 1.42 0.36 0.05 0.0072 7.700 50 0.384 0.0145 6.7567 0.1884 6.95
7.0 96.1 672.7 1105.20 0 1.42 0.36 0.05 0.0072 7.700 50 0.376 0.0145 7.1331 0.2029 7.34
7.5 96.1 720.8 1153.25 0 1.42 0.36 0.05 0.0072 7.700 50 0.370 0.0145 7.5032 0.2174 7.72
8.0 96.1 768.8 1201.30 0 1.42 0.36 0.05 0.0072 7.700 50 0.364 0.0145 7.8677 0.2319 8.10
8.5 96.1 816.9 1249.35 0 1.42 0.36 0.05 0.0072 7.700 50 0.359 0.0145 8.2271 0.2464 8.47
9.0 96.1 864.9 1297.40 0 1.42 0.36 0.05 0.0072 7.700 50 0.355 0.0145 8.5820 0.2609 8.84
9.5 96.1 913.0 1345.45 0 1.42 0.36 0.05 0.0072 7.700 50 0.351 0.0145 8.9328 0.2753 9.21
10.0 96.1 961.0 1393.50 0 1.42 0.36 0.05 0.0072 7.700 50 0.347 0.0145 9.2799 0.2898 9.57
10.5 96.1 1009.1 1441.55 0 1.42 0.36 0.05 0.0072 7.700 50 0.344 0.0145 9.6235 0.3043 9.93
11.0 96.1 1057.1 1489.60 0 1.42 0.36 0.05 0.0072 7.700 50 0.341 0.0145 9.9641 0.3188 10.28
11.5 96.1 1105.2 1537.65 0 1.42 0.36 0.05 0.0072 7.700 50 0.338 0.0145 10.3018 0.3333 10.64
12.0 96.1 1153.2 1585.70 0 1.42 0.36 0.05 0.0072 7.700 50 0.335 0.0145 10.6368 0.3478 10.98
12.5 96.1 1201.3 1633.75 0 1.42 0.36 0.05 0.0072 7.700 50 0.333 0.0145 10.9694 0.3623 11.33
13.0 96.1 1249.3 1681.80 0 1.42 0.36 0.05 0.0072 7.700 50 0.330 0.0145 11.2997 0.3768 11.68
13.5 96.1 1297.4 1729.85 0 1.42 0.36 0.05 0.0072 7.700 50 0.328 0.0145 11.6279 0.3913 12.02
14.0 96.1 1345.4 1777.90 0 1.42 0.36 0.05 0.0072 7.700 50 0.326 0.0145 11.9541 0.4058 12.36
14.5 96.1 1393.5 1825.95 0 1.42 0.36 0.05 0.0072 7.700 50 0.324 0.0145 12.2784 0.4203 12.70
15.0 96.1 1441.5 1874.00 0 1.42 0.36 0.05 0.0072 7.700 50 0.323 0.0145 12.6010 0.4348 13.04
15.5 98.1 1489.6 1953.05 0 1.42 0.36 0.05 0.0072 7.700 50 0.324 0.0145 12.9255 0.4492 13.37
16.0 96.1 1538.6 1970.10 0 1.42 0.36 0.05 0.0072 7.700 50 0.319 0.0145 13.2448 0.4637 13.71
16.5 96.1 1586.7 2018.15 0 1.42 0.36 0.05 0.0072 7.700 50 0.318 0.0145 13.5626 0.4782 14.04
17.0 96.1 1634.7 2066.20 0 1.42 0.36 0.05 0.0072 7.700 50 0.316 0.0145 13.8791 0.4927 14.37
17.5 96.1 1682.8 2066.20 0 1.42 0.36 0.05 0.0072 7.700 50 0.310 0.0145 14.1894 0.5072 14.70
18.0 96.1 1699.6 2066.20 48 1.42 0.36 0.05 0.0072 7.700 50 0.308 0.0145 14.4975 0.5217 15.02
18.5 96.1 1716.5 2066.20 96 1.42 0.36 0.05 0.0072 7.700 50 0.306 0.0145 14.8035 0.5362 15.34
19.0 96.1 1733.3 2066.20 144 1.42 0.36 0.05 0.0072 7.700 50 0.304 0.0145 15.1075 0.5507 15.66
19.5 96.1 1750.2 2066.20 192 1.42 0.36 0.05 0.0072 7.700 50 0.302 0.0145 15.4095 0.5652 15.97
20.0 96.1 1767.0 2066.20 240 1.42 0.36 0.05 0.0072 7.700 50 0.300 0.0145 15.7094 0.5797 16.29
20.5 96.1 1783.9 2066.20 288 1.42 0.36 0.05 0.0072 7.700 50 0.298 0.0145 16.0074 0.5942 16.60
21.0 96.1 1800.7 2066.20 336 1.42 0.36 0.05 0.0072 7.700 50 0.296 0.0145 16.3034 0.6087 16.91
21.5 96.1 1817.6 2066.20 384 1.42 0.36 0.05 0.0072 7.700 50 0.294 0.0145 16.5975 0.6231 17.22
22.0 96.1 1834.4 2066.20 432 1.42 0.36 0.05 0.0072 7.700 50 0.292 0.0145 16.8897 0.6376 17.53
22.5 96.1 1851.3 2066.20 481 1.42 0.36 0.05 0.0072 7.700 50 0.290 0.0145 17.1800 0.6521 17.83
23.0 96.1 1868.1 2066.20 529 1.42 0.36 0.05 0.0072 7.700 50 0.288 0.0145 17.4685 0.6666 18.14
23.5 96.1 1885.0 2066.20 577 1.42 0.36 0.05 0.0072 7.700 50 0.287 0.0145 17.7551 0.6811 18.44
24.0 96.1 1901.8 2066.20 625 1.42 0.36 0.05 0.0072 7.700 50 0.285 0.0145 18.0400 0.6956 18.74
24.5 96.1 1918.7 2066.20 673 1.42 0.36 0.05 0.0072 7.700 50 0.283 0.0145 18.3231 0.7101 19.03
25 0 96 1 1935 5 2066 20 721 1 42 0 36 0 05 0 0072 7 700 50 0 281 0 0145 18 6044 0 7246 19 33

Cap γmoist (pcf)

N
ew
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New Cap Thickness (ft)
γsat (pcf) Profile Layer

25.0 96.1 1935.5 2066.20 721 1.42 0.36 0.05 0.0072 7.700 50 0.281 0.0145 18.6044 0.7246 19.33
25.5 96.1 1952.4 2066.20 769 1.42 0.36 0.05 0.0072 7.700 50 0.280 0.0145 18.8840 0.7391 19.62
26.0 96.1 1969.2 2066.20 817 1.42 0.36 0.05 0.0072 7.700 50 0.278 0.0145 19.1619 0.7536 19.92
26.5 96.1 1986.1 2066.20 865 1.42 0.36 0.05 0.0072 7.700 50 0.276 0.0145 19.4381 0.7681 20.21
27.0 96.1 2002.9 2066.20 913 1.42 0.36 0.05 0.0072 7.700 50 0.275 0.0145 19.7126 0.7826 20.50
27.5 96.1 2019.8 2066.20 961 1.42 0.36 0.05 0.0072 7.700 50 0.273 0.0145 19.9855 0.7970 20.78
28.0 96.1 2036.6 2066.20 1009 1.42 0.36 0.05 0.0072 7.700 50 0.271 0.0145 20.2568 0.8115 21.07
28.5 96.1 2053.5 2066.20 1057 1.42 0.36 0.05 0.0072 7.700 50 0.270 0.0145 20.5265 0.8260 21.35
29.0 96.1 2070.3 2066.20 1105 1.42 0.36 0.05 0.0072 7.700 50 0.268 0.0145 20.7945 0.8405 21.64
29.5 96.1 2087.2 2066.20 1153 1.42 0.36 0.05 0.0072 7.700 50 0.267 0.0145 21.0611 0.8550 21.92
30.0 96.1 2104.0 2066.20 1201 1.42 0.36 0.05 0.0072 7.700 50 0.265 0.0145 21.3260 0.8695 22.20
30.5 96.1 2120.9 2066.20 1249 1.42 0.36 0.05 0.0072 7.700 50 0.263 0.0145 21.5895 0.8840 22.47
31.0 96.1 2137.7 2066.20 1297 1.42 0.36 0.05 0.0072 7.700 50 0.262 0.0145 21.8514 0.8985 22.75
31.5 96.1 2154.6 2066.20 1345 1.42 0.36 0.05 0.0072 7.700 50 0.260 0.0145 22.1119 0.9130 23.02
32.0 96.1 2171.4 2066.20 1393 1.42 0.36 0.05 0.0072 7.700 50 0.259 0.0145 22.3708 0.9275 23.30
32.5 96.1 2188.3 2066.20 1442 1.42 0.36 0.05 0.0072 7.700 50 0.258 0.0145 22.6283 0.9420 23.57
33.0 96.1 2205.1 2066.20 1490 1.42 0.36 0.05 0.0072 7.700 50 0.256 0.0145 22.8844 0.9565 23.84
33.5 96.1 2222.0 2066.20 1538 1.42 0.36 0.05 0.0072 7.700 50 0.255 0.0145 23.1390 0.9709 24.11
34.0 96.1 2238.8 2066.20 1586 1.42 0.36 0.05 0.0072 7.700 50 0.253 0.0145 23.3923 0.9854 24.38
34.5 96.1 2255.7 2066.20 1634 1.42 0.36 0.05 0.0072 7.700 50 0.252 0.0145 23.6441 0.9999 24.64
35.0 96.1 2272.5 2066.20 1682 1.42 0.36 0.05 0.0072 7.700 50 0.250 0.0145 23.8946 1.0144 24.91
35.5 96.1 2289.4 2066.20 1730 1.42 0.36 0.05 0.0072 7.700 50 0.249 0.0145 24.1437 1.0289 25.17
36.0 96.1 2306.2 2066.20 1778 1.42 0.36 0.05 0.0072 7.700 50 0.248 0.0145 24.3915 1.0434 25.43
36.5 96.1 2323.1 2066.20 1826 1.42 0.36 0.05 0.0072 7.700 50 0.246 0.0145 24.6379 1.0579 25.70
37.0 96.1 2339.9 2066.20 1874 1.42 0.36 0.05 0.0072 7.700 50 0.245 0.0145 24.8831 1.0724 25.96
37.5 96.1 2356.8 2066.20 1922 1.42 0.36 0.05 0.0072 7.700 50 0.244 0.0145 25.1269 1.0869 26.21
38.0 96.1 2373.6 2066.20 1970 1.42 0.36 0.05 0.0072 7.700 50 0.243 0.0145 25.3694 1.1014 26.47
38.5 96.1 2390.5 2066.20 2018 1.42 0.36 0.05 0.0072 7.700 50 0.241 0.0145 25.6107 1.1159 26.73
39.0 96.1 2407.3 2066.20 2066 1.42 0.36 0.05 0.0072 7.700 50 0.240 0.0145 25.8507 1.1304 26.98
39.5 96.1 2424.2 2066.20 2114 1.42 0.36 0.05 0.0072 7.700 50 0.239 0.0145 26.0895 1.1449 27.23
40.0 96.1 2441.0 2066.20 2162 1.42 0.36 0.05 0.0072 7.700 50 0.238 0.0145 26.3270 1.1593 27.49
40.5 96.1 2457.8 2066.20 2210 1.42 0.36 0.05 0.0072 7.700 50 0.236 0.0145 26.5633 1.1738 27.74
41.0 96.1 2474.7 2066.20 2258 1.42 0.36 0.05 0.0072 7.700 50 0.235 0.0145 26.7984 1.1883 27.99
41.5 96.1 2491.5 2066.20 2306 1.42 0.36 0.05 0.0072 7.700 50 0.234 0.0145 27.0323 1.2028 28.24
42.0 96.1 2508.4 2066.20 2354 1.42 0.36 0.05 0.0072 7.700 50 0.233 0.0145 27.2650 1.2173 28.48
42.5 96.1 2525.2 2066.20 2403 1.42 0.36 0.05 0.0072 7.700 50 0.232 0.0145 27.4966 1.2318 28.73
43.0 96.1 2542.1 2066.20 2451 1.42 0.36 0.05 0.0072 7.700 50 0.230 0.0145 27.7270 1.2463 28.97
43.5 96.1 2558.9 2066.20 2499 1.42 0.36 0.05 0.0072 7.700 50 0.229 0.0145 27.9562 1.2608 29.22
44.0 96.1 2575.8 2066.20 2547 1.42 0.36 0.05 0.0072 7.700 50 0.228 0.0145 28.1844 1.2753 29.46
44.5 96.1 2592.6 2066.20 2595 1.42 0.36 0.05 0.0072 7.700 50 0.227 0.0145 28.4111 1.2898 29.70
45.0 96.1 2609.5 2066.20 2643 1.42 0.36 0.05 0.0072 7.700 50 0.222 0.0145 28.6328 1.3043 29.94
45.5 96.1 2626.3 2066.20 2691 1.42 0.36 0.05 0.0072 7.700 50 0.217 0.0145 28.8495 1.3188 30.17
46.0 96.1 2643.2 2066.20 2739 1.42 0.36 0.05 0.0072 7.700 50 0.212 0.0145 29.0613 1.3332 30.39
46.5 96.1 2660.0 2066.20 2787 1.42 0.36 0.05 0.0072 7.700 50 0.207 0.0145 29.2684 1.3477 30.62
47.0 96.1 2676.9 2066.20 2835 1.42 0.36 0.05 0.0072 7.700 50 0.202 0.0145 29.4708 1.3622 30.83
47.5 96.1 2693.7 2066.20 2883 1.42 0.36 0.05 0.0072 7.700 50 0.198 0.0145 29.6687 1.3767 31.05
48.0 96.1 2710.6 2066.20 2931 1.42 0.36 0.05 0.0072 7.700 50 0.193 0.0145 29.8621 1.3912 31.25
48.5 96.1 2727.4 2066.20 2979 1.42 0.36 0.05 0.0072 7.700 50 0.189 0.0145 30.0510 1.4057 31.46
49.0 96.1 2744.3 2066.20 3027 1.42 0.36 0.05 0.0072 7.700 50 0.185 0.0145 30.2357 1.4202 31.66
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Section A-2
Void Ratio (Residuald) = 1.42 Cap 1.0 432.5 Cap Topsoil 0.5 115

Cap Load, qo = 432.5 psf Waste Removed -12.8 96.1 12.25' New Paper Residuals Protection Layer 2 125
Time = 50 yrs 20.5' Old Paper Residuals Gas Venting Layer 1 125

Depth to Water Table = 17.7 ft Weight of Cap 432.5 psf Sand Total 432.5
Total Primary Consolidation 20.77 in
Total Consolidation @ Time 22.13 in 0.0

Depth (ft) Soil 
Type γs (pcf)

Vertical Effective 
Stress (psf), σ'o

Stress Increase, 
Δσ' (psf)

Preconsolidation 
Stress (psf) σ'c

Void Ratio eo

Compress
ion Index 

Cc

Recompressi
on Index Cr

Secondary 
Compression 

Index Cα

Time Required to 95% 
Condolidation tp 

(years)
Time t (years)

Primary 
Consolidat

ion  (in)

Secondary 
Compression (in)

Total Primary 
Consolidation 
Settlement (in)

Total Secondary 
Compression (30 

years) (in)

Total 
Settlement 

@ Time 
(years)

0.0 96.1 0.0 432.50 0 1.42 0.36 0.05 0.0072 3.400 50 0.000 0.0000 0.0000 0.0000 0.00
0.5 96.1 48.1 480.55 0 1.42 0.36 0.05 0.0072 3.400 50 0.929 0.0208 0.9288 0.0208 0.95
1.0 96.1 96.1 528.60 0 1.42 0.36 0.05 0.0072 3.400 50 0.725 0.0208 1.6538 0.0416 1.70
1.5 96.1 144.2 576.65 0 1.42 0.36 0.05 0.0072 3.400 50 0.623 0.0208 2.2772 0.0625 2.34
2.0 96.1 192.2 624.70 0 1.42 0.36 0.05 0.0072 3.400 50 0.560 0.0208 2.8376 0.0833 2.92
2.5 96.1 240.3 672.75 0 1.42 0.36 0.05 0.0072 3.400 50 0.517 0.0208 3.3547 0.1041 3.46
3.0 96.1 288.3 720.80 0 1.42 0.36 0.05 0.0072 3.400 50 0.485 0.0208 3.8399 0.1249 3.96
3.5 96.1 336.4 768.85 0 1.42 0.36 0.05 0.0072 3.400 50 0.461 0.0208 4.3007 0.1458 4.45
4.0 96.1 384.4 816.90 0 1.42 0.36 0.05 0.0072 3.400 50 0.441 0.0208 4.7420 0.1666 4.91
4.5 96.1 432.5 864.95 0 1.42 0.36 0.05 0.0072 3.400 50 0.426 0.0208 5.1675 0.1874 5.35
5.0 96.1 480.5 913.00 0 1.42 0.36 0.05 0.0072 3.400 50 0.412 0.0208 5.5799 0.2082 5.79
5.5 96.1 528.6 961.05 0 1.42 0.36 0.05 0.0072 3.400 50 0.401 0.0208 5.9812 0.2291 6.21
6.0 96.1 576.6 1009.10 0 1.42 0.36 0.05 0.0072 3.400 50 0.392 0.0208 6.3731 0.2499 6.62
6.5 96.1 624.7 1057.15 0 1.42 0.36 0.05 0.0072 3.400 50 0.384 0.0208 6.7567 0.2707 7.03
7.0 96.1 672.7 1105.20 0 1.42 0.36 0.05 0.0072 3.400 50 0.376 0.0208 7.1331 0.2915 7.42
7.5 96.1 720.8 1153.25 0 1.42 0.36 0.05 0.0072 3.400 50 0.370 0.0208 7.5032 0.3124 7.82
8.0 96.1 768.8 1201.30 0 1.42 0.36 0.05 0.0072 3.400 50 0.364 0.0208 7.8677 0.3332 8.20
8.5 96.1 816.9 1249.35 0 1.42 0.36 0.05 0.0072 3.400 50 0.359 0.0208 8.2271 0.3540 8.58
9.0 96.1 864.9 1297.40 0 1.42 0.36 0.05 0.0072 3.400 50 0.355 0.0208 8.5820 0.3748 8.96
9.5 96.1 913.0 1345.45 0 1.42 0.36 0.05 0.0072 3.400 50 0.351 0.0208 8.9328 0.3957 9.33
10.0 96.1 961.0 1393.50 0 1.42 0.36 0.05 0.0072 3.400 50 0.347 0.0208 9.2799 0.4165 9.70
10.5 96.1 1009.1 1441.55 0 1.42 0.36 0.05 0.0072 3.400 50 0.344 0.0208 9.6235 0.4373 10.06
11.0 96.1 1057.1 1489.60 0 1.42 0.36 0.05 0.0072 3.400 50 0.341 0.0208 9.9641 0.4581 10.42
11.5 96.1 1105.2 1537.65 0 1.42 0.36 0.05 0.0072 3.400 50 0.338 0.0208 10.3018 0.4790 10.78
12.0 96.1 1153.2 1585.70 0 1.42 0.36 0.05 0.0072 3.400 50 0.335 0.0208 10.6368 0.4998 11.14
12.5 96.1 1201.3 1585.70 0 1.42 0.36 0.05 0.0072 3.400 50 0.326 0.0208 10.9628 0.5206 11.48
13.0 96.1 1249.3 1585.70 48 1.42 0.36 0.05 0.0072 3.400 50 0.317 0.0208 11.2802 0.5414 11.82
13.5 96.1 1297.4 1585.70 96 1.42 0.36 0.05 0.0072 3.400 50 0.309 0.0208 11.5894 0.5622 12.15
14.0 96.1 1345.4 1585.70 144 1.42 0.36 0.05 0.0072 3.400 50 0.302 0.0208 11.8910 0.5831 12.47
14.5 96.1 1393.5 1585.70 192 1.42 0.36 0.05 0.0072 3.400 50 0.294 0.0208 12.1853 0.6039 12.79
15.0 96.1 1441.5 1585.70 240 1.42 0.36 0.05 0.0072 3.400 50 0.287 0.0208 12.4727 0.6247 13.10
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Cap γmoist (pcf)New Cap Thickness (ft)
γsat (pcf) Profile Layer

15.0 96.1 1441.5 1585.70 240 1.42 0.36 0.05 0.0072 3.400 50 0.287 0.0208 12.4727 0.6247 13.10
15.5 96.1 1489.6 1585.70 288 1.42 0.36 0.05 0.0072 3.400 50 0.281 0.0208 12.7535 0.6455 13.40
16.0 96.1 1537.6 1585.70 336 1.42 0.36 0.05 0.0072 3.400 50 0.274 0.0208 13.0280 0.6664 13.69
16.5 96.1 1585.7 1585.70 384 1.42 0.36 0.05 0.0072 3.400 50 0.268 0.0208 13.2964 0.6872 13.98
17.0 96.1 1633.7 1585.70 432 1.42 0.36 0.05 0.0072 3.400 50 0.263 0.0208 13.5592 0.7080 14.27
17.5 96.1 1681.8 1585.70 481 1.42 0.36 0.05 0.0072 3.400 50 0.257 0.0208 13.8164 0.7288 14.55
18.0 96.1 1698.6 1585.70 529 1.42 0.36 0.05 0.0072 3.400 50 0.255 0.0208 14.0718 0.7497 14.82
18.5 96.1 1715.5 1585.70 577 1.42 0.36 0.05 0.0072 3.400 50 0.254 0.0208 14.3253 0.7705 15.10
19.0 96.1 1732.3 1585.70 625 1.42 0.36 0.05 0.0072 3.400 50 0.252 0.0208 14.5770 0.7913 15.37
19.5 96.1 1749.2 1585.70 673 1.42 0.36 0.05 0.0072 3.400 50 0.250 0.0208 14.8270 0.8121 15.64
20.0 96.1 1766.0 1585.70 721 1.42 0.36 0.05 0.0072 3.400 50 0.248 0.0208 15.0751 0.8330 15.91
20.5 96.1 1782.9 1585.70 769 1.42 0.36 0.05 0.0072 3.400 50 0.246 0.0208 15.3216 0.8538 16.18
21.0 96.1 1799.7 1585.70 817 1.42 0.36 0.05 0.0072 3.400 50 0.245 0.0208 15.5663 0.8746 16.44
21.5 96.1 1816.6 1585.70 865 1.42 0.36 0.05 0.0072 3.400 50 0.243 0.0208 15.8093 0.8954 16.70
22.0 96.1 1833.4 1585.70 913 1.42 0.36 0.05 0.0072 3.400 50 0.241 0.0208 16.0507 0.9163 16.97
22.5 96.1 1850.3 1585.70 961 1.42 0.36 0.05 0.0072 3.400 50 0.240 0.0208 16.2905 0.9371 17.23
23.0 96.1 1867.1 1585.70 1009 1.42 0.36 0.05 0.0072 3.400 50 0.238 0.0208 16.5286 0.9579 17.49
23.5 96.1 1884.0 1585.70 1057 1.42 0.36 0.05 0.0072 3.400 50 0.237 0.0208 16.7651 0.9787 17.74
24.0 96.1 1900.8 1585.70 1105 1.42 0.36 0.05 0.0072 3.400 50 0.235 0.0208 17.0001 0.9995 18.00
24.5 96.1 1917.7 1585.70 1153 1.42 0.36 0.05 0.0072 3.400 50 0.233 0.0208 17.2335 1.0204 18.25
25.0 96.1 1934.5 1585.70 1201 1.42 0.36 0.05 0.0072 3.400 50 0.232 0.0208 17.4653 1.0412 18.51
25.5 96.1 1951.4 1585.70 1249 1.42 0.36 0.05 0.0072 3.400 50 0.230 0.0208 17.6957 1.0620 18.76
26.0 96.1 1968.2 1585.70 1297 1.42 0.36 0.05 0.0072 3.400 50 0.229 0.0208 17.9246 1.0828 19.01
26.5 96.1 1985.1 1585.70 1345 1.42 0.36 0.05 0.0072 3.400 50 0.227 0.0208 18.1520 1.1037 19.26
27.0 96.1 2001.9 1585.70 1393 1.42 0.36 0.05 0.0072 3.400 50 0.226 0.0208 18.3779 1.1245 19.50
27.5 96.1 2018.8 1585.70 1442 1.42 0.36 0.05 0.0072 3.400 50 0.225 0.0208 18.6025 1.1453 19.75
28.0 96.1 2035.6 1585.70 1490 1.42 0.36 0.05 0.0072 3.400 50 0.223 0.0208 18.8256 1.1661 19.99
28.5 96.1 2052.5 1585.70 1538 1.42 0.36 0.05 0.0072 3.400 50 0.222 0.0208 19.0473 1.1870 20.23
29.0 96.1 2069.3 1585.70 1586 1.42 0.36 0.05 0.0072 3.400 50 0.220 0.0208 19.2676 1.2078 20.48
29.5 96.1 2086.2 1585.70 1634 1.42 0.36 0.05 0.0072 3.400 50 0.219 0.0208 19.4866 1.2286 20.72
30.0 96.1 2103.0 1585.70 1682 1.42 0.36 0.05 0.0072 3.400 50 0.218 0.0208 19.7042 1.2494 20.95
30.5 96.1 2119.9 1585.70 1730 1.42 0.36 0.05 0.0072 3.400 50 0.216 0.0208 19.9205 1.2703 21.19
31.0 96.1 2136.7 1585.70 1778 1.42 0.36 0.05 0.0072 3.400 50 0.215 0.0208 20.1355 1.2911 21.43
31.5 96.1 2153.6 1585.70 1826 1.42 0.36 0.05 0.0072 3.400 50 0.214 0.0208 20.3493 1.3119 21.66
32.0 96.1 2170.4 1585.70 1874 1.42 0.36 0.05 0.0072 3.400 50 0.212 0.0208 20.5617 1.3327 21.89
32.5 96.1 2187.3 1585.70 1922 1.42 0.36 0.05 0.0072 3.400 50 0.211 0.0208 20.7729 1.3536 22.13
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Section W 1
Ratio (residuals) = 1.37 Cap 1.0 432.5 Cap Topsoil 0.5 115

Cap Load, qo = 432.5 psf 13.7' New Paper Residuals Protection Layer 2 125
Time = 50 yrs 3.6' Old Paper Residuals Gas Venting Layer 1 125

th to Water Table = 15.8 ft Weight of Cap 432.5 psf Sand Total 432.5
mary Consolidation 24.72 in
nsolidation @ Time 26.50 in 0.0 psf

Depth (ft) Soil Type γs (pcf)

Vertical 
Effective 
Stress 

(psf), σ'o

Stress 
Increase, 
Δσ' (psf)

Preconsoli
dation 

Stress (psf) 
σ'c

Void Ratio 
eo

Compressi
on Index Cc

Recompres
sion Index 

Cr

Secondary 
Compressi
on Index Cα

Time 
Required to 

95% 
Condolidati
on tp (years)

Time t 
(years)

Primary 
Consolidati

on  (in)

Secondary 
Compressi

on (in)

Total 
Primary 

Consolidati
on 

Settlement 
(in)

Total 
Secondary 
Compressi

on (30 
years) (in)

Total 
Settlement 

@ Time 
(years)

0.0 103.3 0.0 432.50 0 1.37 0.43 0.03 0.0086 2.500 50 0.000 0.0000 0.0000 0.0000 0.00
0.5 103.3 51.7 484.15 0 1.37 0.43 0.03 0.0086 2.500 50 1.105 0.0283 1.1055 0.0283 1.13
1.0 103.3 103.3 535.80 0 1.37 0.43 0.03 0.0086 2.500 50 0.861 0.0283 1.9667 0.0566 2.02
1.5 103.3 155.0 587.45 0 1.37 0.43 0.03 0.0086 2.500 50 0.740 0.0283 2.7071 0.0849 2.79
2.0 103.3 206.6 639.10 0 1.37 0.43 0.03 0.0086 2.500 50 0.666 0.0283 3.3732 0.1133 3.49
2.5 103.3 258.3 690.75 0 1.37 0.43 0.03 0.0086 2.500 50 0.615 0.0283 3.9882 0.1416 4.13
3.0 103.3 309.9 742.40 0 1.37 0.43 0.03 0.0086 2.500 50 0.578 0.0283 4.5660 0.1699 4.74
3.5 103.3 361.6 794.05 0 1.37 0.43 0.03 0.0086 2.500 50 0.549 0.0283 5.1151 0.1982 5.31
4.0 103.3 413.2 845.70 0 1.37 0.43 0.03 0.0086 2.500 50 0.526 0.0283 5.6416 0.2265 5.87
4.5 103.3 464.9 897.35 0 1.37 0.43 0.03 0.0086 2.500 50 0.508 0.0283 6.1496 0.2548 6.40
5.0 103.3 516.5 949.00 0 1.37 0.43 0.03 0.0086 2.500 50 0.493 0.0283 6.6425 0.2831 6.93
5.5 103.3 568.2 1000.65 0 1.37 0.43 0.03 0.0086 2.500 50 0.480 0.0283 7.1225 0.3115 7.43
6.0 103.3 619.8 1052.30 0 1.37 0.43 0.03 0.0086 2.500 50 0.469 0.0283 7.5915 0.3398 7.93
6.5 103.3 671.5 1103.95 0 1.37 0.43 0.03 0.0086 2.500 50 0.460 0.0283 8.0510 0.3681 8.42
7.0 103.3 723.1 1155.60 0 1.37 0.43 0.03 0.0086 2.500 50 0.451 0.0283 8.5022 0.3964 8.90
7.5 103.3 774.8 1207.25 0 1.37 0.43 0.03 0.0086 2.500 50 0.444 0.0283 8.9461 0.4247 9.37
8.0 103.3 826.4 1258.90 0 1.37 0.43 0.03 0.0086 2.500 50 0.437 0.0283 9.3835 0.4530 9.84
8.5 103.3 878.1 1310.55 0 1.37 0.43 0.03 0.0086 2.500 50 0.432 0.0283 9.8151 0.4813 10.30
9.0 103.3 929.7 1362.20 0 1.37 0.43 0.03 0.0086 2.500 50 0.426 0.0283 10.2415 0.5097 10.75
9.5 103.3 981.4 1413.85 0 1.37 0.43 0.03 0.0086 2.500 50 0.422 0.0283 10.6632 0.5380 11.20

10.0 103.3 1033.0 1465.50 0 1.37 0.43 0.03 0.0086 2.500 50 0.417 0.0283 11.0806 0.5663 11.65
10.5 103.3 1084.7 1517.15 0 1.37 0.43 0.03 0.0086 2.500 50 0.413 0.0283 11.4941 0.5946 12.09
11.0 103.3 1136.3 1568.80 0 1.37 0.43 0.03 0.0086 2.500 50 0.410 0.0283 11.9040 0.6229 12.53
11.5 103.3 1188.0 1620.45 0 1.37 0.43 0.03 0.0086 2.500 50 0.407 0.0283 12.3106 0.6512 12.96
12.0 103.3 1239.6 1672.10 0 1.37 0.43 0.03 0.0086 2.500 50 0.404 0.0283 12.7141 0.6795 13.39
12.5 103.3 1291.3 1672.10 0 1.37 0.43 0.03 0.0086 2.500 50 0.393 0.0283 13.1067 0.7079 13.81
13.0 103.3 1342.9 1672.10 52 1.37 0.43 0.03 0.0086 2.500 50 0.382 0.0283 13.4889 0.7362 14.23
13.5 103.3 1394.6 1672.10 103 1.37 0.43 0.03 0.0086 2.500 50 0.372 0.0283 13.8613 0.7645 14.63
14.0 103.3 1446.2 1672.10 155 1.37 0.43 0.03 0.0086 2.500 50 0.363 0.0283 14.2244 0.7928 15.02
14.5 103.3 1497.9 1672.10 207 1.37 0.43 0.03 0.0086 2.500 50 0.354 0.0283 14.5787 0.8211 15.40
15.0 103.3 1549.5 1672.10 258 1.37 0.43 0.03 0.0086 2.500 50 0.346 0.0283 14.9246 0.8494 15.77
15.5 103.3 1601.2 1672.10 310 1.37 0.43 0.03 0.0086 2.500 50 0.338 0.0283 15.2625 0.8777 16.14
16.0 103.3 1621.6 1672.10 362 1.37 0.43 0.03 0.0086 2.500 50 0.335 0.0283 15.5974 0.9061 16.50
16.5 103.3 1642.1 1672.10 413 1.37 0.43 0.03 0.0086 2.500 50 0.332 0.0283 15.9292 0.9344 16.86
17.0 103.3 1662.5 1672.10 465 1.37 0.43 0.03 0.0086 2.500 50 0.329 0.0283 16.2582 0.9627 17.22
17.5 103.3 1683.0 1672.10 517 1.37 0.43 0.03 0.0086 2.500 50 0.326 0.0283 16.5842 0.9910 17.58
18.0 103.3 1703.4 1672.10 568 1.37 0.43 0.03 0.0086 2.500 50 0.323 0.0283 16.9074 1.0193 17.93
18.5 103.3 1723.9 1672.10 620 1.37 0.43 0.03 0.0086 2.500 50 0.320 0.0283 17.2278 1.0476 18.28
19.0 103.3 1744.3 1672.10 671 1.37 0.43 0.03 0.0086 2.500 50 0.318 0.0283 17.5455 1.0759 18.62
19.5 103.3 1764.8 1672.10 723 1.37 0.43 0.03 0.0086 2.500 50 0.315 0.0283 17.8605 1.1043 18.96
20.0 103.3 1785.2 1672.10 775 1.37 0.43 0.03 0.0086 2.500 50 0.312 0.0283 18.1728 1.1326 19.31
20.5 103.3 1805.7 1672.10 826 1.37 0.43 0.03 0.0086 2.500 50 0.310 0.0283 18.4826 1.1609 19.64
21.0 103.3 1826.1 1672.10 878 1.37 0.43 0.03 0.0086 2.500 50 0.307 0.0283 18.7898 1.1892 19.98
21.5 103.3 1846.6 1672.10 930 1.37 0.43 0.03 0.0086 2.500 50 0.305 0.0283 19.0945 1.2175 20.31
22.0 103.3 1867.0 1672.10 981 1.37 0.43 0.03 0.0086 2.500 50 0.302 0.0283 19.3967 1.2458 20.64
22.5 103.3 1887.5 1672.10 1033 1.37 0.43 0.03 0.0086 2.500 50 0.300 0.0283 19.6965 1.2741 20.97
23.0 103.3 1907.9 1672.10 1085 1.37 0.43 0.03 0.0086 2.500 50 0.297 0.0283 19.9940 1.3025 21.30
23.5 103.3 1928.4 1672.10 1136 1.37 0.43 0.03 0.0086 2.500 50 0.295 0.0283 20.2890 1.3308 21.62
24.0 103.3 1948.8 1672.10 1188 1.37 0.43 0.03 0.0086 2.500 50 0.293 0.0283 20.5818 1.3591 21.94
24.5 103.3 1969.3 1672.10 1240 1.37 0.43 0.03 0.0086 2.500 50 0.290 0.0283 20.8723 1.3874 22.26
25.0 103.3 1989.7 1672.10 1291 1.37 0.43 0.03 0.0086 2.500 50 0.288 0.0283 21.1606 1.4157 22.58
25.5 103.3 2010.2 1672.10 1343 1.37 0.43 0.03 0.0086 2.500 50 0.286 0.0283 21.4466 1.4440 22.89
26.0 103.3 2030.6 1672.10 1395 1.37 0.43 0.03 0.0086 2.500 50 0.284 0.0283 21.7305 1.4723 23.20
26.5 103.3 2051.1 1672.10 1446 1.37 0.43 0.03 0.0086 2.500 50 0.282 0.0283 22.0123 1.5007 23.51
27.0 103.3 2071.5 1672.10 1498 1.37 0.43 0.03 0.0086 2.500 50 0.280 0.0283 22.2919 1.5290 23.82
27.5 103.3 2092.0 1672.10 1550 1.37 0.43 0.03 0.0086 2.500 50 0.278 0.0283 22.5695 1.5573 24.13
28.0 103.3 2112.4 1672.10 1601 1.37 0.43 0.03 0.0086 2.500 50 0.276 0.0283 22.8451 1.5856 24.43
28.5 103.3 2132.9 1672.10 1653 1.37 0.43 0.03 0.0086 2.500 50 0.274 0.0283 23.1186 1.6139 24.73
29.0 103.3 2153.3 1672.10 1704 1.37 0.43 0.03 0.0086 2.500 50 0.272 0.0283 23.3902 1.6422 25.03
29.5 103.3 2173.8 1672.10 1756 1.37 0.43 0.03 0.0086 2.500 50 0.270 0.0283 23.6598 1.6705 25.33
30.0 103.3 2194.2 1672.10 1808 1.37 0.43 0.03 0.0086 2.500 50 0.268 0.0283 23.9275 1.6989 25.63
30.5 103.3 2214.7 1672.10 1859 1.37 0.43 0.03 0.0086 2.500 50 0.266 0.0283 24.1933 1.7272 25.92
31.0 103.3 2235.1 1672.10 1911 1.37 0.43 0.03 0.0086 2.500 50 0.264 0.0283 24.4573 1.7555 26.21
31.5 103.3 2255.6 1672.10 1963 1.37 0.43 0.03 0.0086 2.500 50 0.262 0.0283 24.7194 1.7838 26.50
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New Cap Thicknes
s (ft) γsat (pcf) Profile Layer



Section W 2
Ratio (residuals) = 1.37 Cap 1.0 432.5 Cap Topsoil 0.5 115

Cap Load, qo = 432.5 psf 13.7' New Paper Residuals Protection Layer 2 125
Time = 50 yrs 3.6' Old Paper Residuals Gas Venting Layer 1 125

th to Water Table = 15.8 ft Weight of Cap 432.5 psf Sand Total 432.5
mary Consolidation 16.19 in
nsolidation @ Time 17.78 in 0.0 psf

Vertical 
Effective Stress Preconsoli

dation Void Ratio Compressi Recompres Secondary 
Time 

Required to Time t Primary Secondary 

Total 
Primary 

Consolidati

Total 
Secondary Total 

Settlement

Cap γmoist (pcf)New Cap Thicknes
s (ft) γsat (pcf) Profile Layer

Depth (ft) Soil Type γs (pcf)
Effective 
Stress 

(psf), σ'o

Increase, 
Δσ' (psf)

dation 
Stress (psf) 

σ'c

Void Ratio 
eo

Compressi
on Index Cc

p
sion Index 

Cr

y
Compressi
on Index Cα

q
95% 

Condolidati
on tp (years)

Time t 
(years)

y
Consolidati

on  (in)

y
Compressi

on (in)

Consolidati
on 

Settlement 
(in)

y
Compressi

on (30 
years) (in)

Settlement 
@ Time 
(years)

0.0 103.3 0.0 432.50 0 1.37 0.43 0.03 0.0086 1.500 50 0.000 0.0000 0.0000 0.0000 0.00
0.5 103.3 51.7 484.15 0 1.37 0.43 0.03 0.0086 1.500 50 1.105 0.0331 1.1055 0.0331 1.14
1.0 103.3 103.3 535.80 0 1.37 0.43 0.03 0.0086 1.500 50 0.861 0.0331 1.9667 0.0663 2.03
1.5 103.3 155.0 587.45 0 1.37 0.43 0.03 0.0086 1.500 50 0.740 0.0331 2.7071 0.0994 2.81
2.0 103.3 206.6 639.10 0 1.37 0.43 0.03 0.0086 1.500 50 0.666 0.0331 3.3732 0.1326 3.51
2.5 103.3 258.3 690.75 0 1.37 0.43 0.03 0.0086 1.500 50 0.615 0.0331 3.9882 0.1657 4.15
3.0 103.3 309.9 742.40 0 1.37 0.43 0.03 0.0086 1.500 50 0.578 0.0331 4.5660 0.1989 4.76
3.5 103.3 361.6 794.05 0 1.37 0.43 0.03 0.0086 1.500 50 0.549 0.0331 5.1151 0.2320 5.35
4.0 103.3 413.2 845.70 0 1.37 0.43 0.03 0.0086 1.500 50 0.526 0.0331 5.6416 0.2651 5.91
4.5 103.3 464.9 897.35 0 1.37 0.43 0.03 0.0086 1.500 50 0.508 0.0331 6.1496 0.2983 6.45
5.0 103.3 516.5 897.35 52 1.37 0.43 0.03 0.0086 1.500 50 0.476 0.0331 6.6255 0.3314 6.96
5 5 103 3 568 2 897 35 103 1 37 0 43 0 03 0 0086 1 500 50 0 448 0 0331 7 0733 0 3646 7 44
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5.5 103.3 568.2 897.35 103 1.37 0.43 0.03 0.0086 1.500 50 0.448 0.0331 7.0733 0.3646 7.44
6.0 103.3 619.8 897.35 155 1.37 0.43 0.03 0.0086 1.500 50 0.423 0.0331 7.4964 0.3977 7.89
6.5 103.3 671.5 897.35 207 1.37 0.43 0.03 0.0086 1.500 50 0.401 0.0331 7.8974 0.4309 8.33
7.0 103.3 723.1 897.35 258 1.37 0.43 0.03 0.0086 1.500 50 0.381 0.0331 8.2787 0.4640 8.74
7.5 103.3 774.8 897.35 310 1.37 0.43 0.03 0.0086 1.500 50 0.364 0.0331 8.6423 0.4971 9.14
8.0 103.3 826.4 897.35 362 1.37 0.43 0.03 0.0086 1.500 50 0.347 0.0331 8.9897 0.5303 9.52
8.5 103.3 878.1 897.35 413 1.37 0.43 0.03 0.0086 1.500 50 0.333 0.0331 9.3225 0.5634 9.89
9.0 103.3 929.7 897.35 465 1.37 0.43 0.03 0.0086 1.500 50 0.319 0.0331 9.6417 0.5966 10.24
9.5 103.3 981.4 897.35 517 1.37 0.43 0.03 0.0086 1.500 50 0.307 0.0331 9.9486 0.6297 10.58

10.0 103.3 1033.0 897.35 568 1.37 0.43 0.03 0.0086 1.500 50 0.295 0.0331 10.2441 0.6628 10.91
10.5 103.3 1084.7 897.35 620 1.37 0.43 0.03 0.0086 1.500 50 0.285 0.0331 10.5290 0.6960 11.22
11.0 103.3 1136.3 897.35 671 1.37 0.43 0.03 0.0086 1.500 50 0.275 0.0331 10.8040 0.7291 11.53
11.5 103.3 1188.0 897.35 723 1.37 0.43 0.03 0.0086 1.500 50 0.266 0.0331 11.0700 0.7623 11.83
12.0 103.3 1239.6 897.35 775 1.37 0.43 0.03 0.0086 1.500 50 0.257 0.0331 11.3273 0.7954 12.12
12.5 103.3 1291.3 897.35 826 1.37 0.43 0.03 0.0086 1.500 50 0.249 0.0331 11.5767 0.8286 12.41
13.0 103.3 1342.9 897.35 878 1.37 0.43 0.03 0.0086 1.500 50 0.242 0.0331 11.8185 0.8617 12.68
13.5 103.3 1394.6 897.35 930 1.37 0.43 0.03 0.0086 1.500 50 0.235 0.0331 12.0533 0.8948 12.95
14.0 103.3 1446.2 897.35 981 1.37 0.43 0.03 0.0086 1.500 50 0.228 0.0331 12.2814 0.9280 13.21
14.5 103.3 1497.9 897.35 1033 1.37 0.43 0.03 0.0086 1.500 50 0.222 0.0331 12.5033 0.9611 13.46
15.0 103.3 1549.5 897.35 1085 1.37 0.43 0.03 0.0086 1.500 50 0.216 0.0331 12.7192 0.9943 13.71
15.5 103.3 1601.2 897.35 1136 1.37 0.43 0.03 0.0086 1.500 50 0.210 0.0331 12.9295 1.0274 13.96
16.0 103.3 1621.6 897.35 1188 1.37 0.43 0.03 0.0086 1.500 50 0.208 0.0331 13.1376 1.0606 14.20
16.5 103.3 1642.1 897.35 1240 1.37 0.43 0.03 0.0086 1.500 50 0.206 0.0331 13.3436 1.0937 14.44
17.0 103.3 1662.5 897.35 1291 1.37 0.43 0.03 0.0086 1.500 50 0.204 0.0331 13.5476 1.1268 14.67
17.5 103.3 1683.0 897.35 1343 1.37 0.43 0.03 0.0086 1.500 50 0.202 0.0331 13.7496 1.1600 14.91
18.0 103.3 1703.4 897.35 1395 1.37 0.43 0.03 0.0086 1.500 50 0.200 0.0331 13.9495 1.1931 15.14
18.5 103.3 1723.9 897.35 1446 1.37 0.43 0.03 0.0086 1.500 50 0.198 0.0331 14.1476 1.2263 15.37
19.0 103.3 1744.3 897.35 1498 1.37 0.43 0.03 0.0086 1.500 50 0.196 0.0331 14.3437 1.2594 15.60
19.5 103.3 1764.8 897.35 1550 1.37 0.43 0.03 0.0086 1.500 50 0.194 0.0331 14.5380 1.2926 15.83
20 0 103 3 1785 2 897 35 1601 1 37 0 43 0 03 0 0086 1 500 50 0 192 0 0331 14 7305 1 3257 16 06
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20.0 103.3 1785.2 897.35 1601 1.37 0.43 0.03 0.0086 1.500 50 0.192 0.0331 14.7305 1.3257 16.06
20.5 103.3 1805.7 897.35 1653 1.37 0.43 0.03 0.0086 1.500 50 0.191 0.0331 14.9211 1.3588 16.28
21.0 103.3 1826.1 897.35 1704 1.37 0.43 0.03 0.0086 1.500 50 0.189 0.0331 15.1100 1.3920 16.50
21.5 103.3 1846.6 897.35 1756 1.37 0.43 0.03 0.0086 1.500 50 0.187 0.0331 15.2972 1.4251 16.72
22.0 103.3 1867.0 897.35 1808 1.37 0.43 0.03 0.0086 1.500 50 0.185 0.0331 15.4827 1.4583 16.94
22.5 103.3 1887.5 897.35 1859 1.37 0.43 0.03 0.0086 1.500 50 0.184 0.0331 15.6665 1.4914 17.16
23.0 103.3 1907.9 897.35 1911 1.37 0.43 0.03 0.0086 1.500 50 0.181 0.0331 15.8479 1.5245 17.37
23.5 103.3 1928.4 897.35 1963 1.37 0.43 0.03 0.0086 1.500 50 0.173 0.0331 16.0207 1.5577 17.58
24.0 103.3 1948.8 897.35 2014 1.37 0.43 0.03 0.0086 1.500 50 0.164 0.0331 16.1852 1.5908 17.78



Degree of 
Consolidation

Time 
Factor

Length of 
Drainage Path

Coefficienty of 
Consolidation Time Time

U (%) T v H DR  (ft) c v  (ft 2 /yr) t (yrs) t (days)
95 1.129 24.5 87.6 7.736 2823.7
95 1.129 16.3 87.6 3.403 1242.2
95 1.129 15.8 113.2 2.474 903.0
95 1.129 12.1 113.2 1.460 533.0

large cv = conservative for total settlement calculations: takes less time to settle

Landfill Site

A - Site

Willow Blvd
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Client: Georgia-Pacific LLC Project: B0064581/B0064582 

Prepared by: RLP Date: March 2011 

Title: Willow Boulevard/A-Site Landfill Operable Unit 2 
Reviewed By: CAA Date: March 2011 

Checked By: PHB Date: March 2011 

Subject: Perimeter Ditch Design 

 
Objective: 
Demonstrate that the cross-sectional geometry of the drainage ditch located along the perimeter of the 
Willow Boulevard and A-Site Landfills (i.e., alone the interior of the landfill access roads) provide 
adequate hydraulic capacity to convey the estimated peak discharge from the 25-year, 24-hour storm 
event.  Demonstrate that stable hydraulic conditions exist in the perimeter ditch during the estimated peak 
discharge.   
 
Additional analysis will be performed to demonstrate that the perimeter ditch design provides sufficient 
hydraulic capacity to convey the estimated peak discharge from the 100-year, 24-hour storm event.  
 
References: 

1. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 5 titled “Final Cover Grading and 
Stormwater Management Plan,” ARCADIS, March 2011. 

 
2. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 15 titled “Stormwater Management 

Sections and Details,” ARCADIS, March 2011. 
 

3. Technical Release 55 - Urban Hydrology for Small Watersheds, p. 2-5 and 2-7, Soil Conservation 
Service, June 1986 (attached). 

 
4. HydroCAD Software Solutions, LLC. HydroCAD. Vers. 8.5. Computer Software. 2006. 

 
5. “Guidebook of Best Management Practices for Michigan Watersheds,” Michigan Department of 

Environmental Quality (MDEQ), October 1998. 
 

6. North American Green Erosion Control Materials Design Software v. 4.3, 2003. 
 

Methodology: 
 
The perimeter ditch is analyzed for the estimated peak discharge resulting from the 25-year, 24-hour 
storm event.  The method for calculating the estimated peak discharge is based on the methodologies 
presented in Technical Release 55 – Urban Hydrology for Small Watershed (Reference 3).  The 
estimated peak discharge is calculated based on the following: 
 

• Largest tributary watershed area  
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• Time of concentration (Tc) path  

• Hydrologic soil group (i.e., A, B, C or D)  

• Surface condition (i.e., newly graded, vegetated, impervious, etc.) 

 
The estimated peak discharge is calculated for both newly graded and vegetated surface conditions using 
HydroCAD Software (Reference 4).  The estimated peak discharge during newly graded surface 
conditions is larger than during vegetated surface conditions and results in larger flow volumes and 
velocities within the perimeter ditch.  Newly graded surface conditions are analyze to determine the 
appropriate temporary erosion control mat lining to use within the perimeter ditch until vegetation is 
established.  Vegetated surface conditions are analyzed to determine the final conditions of the channel.   
 
Manning “n” values are calculated using North American Green Erosion Control Materials Design 
Software (Reference 6).  The Manning “n” value for the perimeter ditch varies according to the surface 
condition of the perimeter ditch lining (e.g., temporary erosion control mat or vegetation). 
 
The required flow depth within the perimeter ditch is calculated based on the cross-sectional geometry of 
the ditch, the minimum ditch slope gradient, flow velocity and the Manning “n” value.  Vegetated surface 
conditions are used to determine the required flow depth since the flow velocity within the perimeter ditch 
is slower during vegetated surface conditions (due to a larger Manning “n” value) than newly graded 
surface conditions, yielding a larger required flow depth. 
 
Permissible and critical shear stress values are calculated based on the cross-sectional geometry of the 
perimeter ditch, the maximum ditch slope gradient, flow velocity and the Manning “n” value using North 
American Green Erosion Control Materials Design Software (Reference 6).  The values are based on the 
perimeter ditch lining (e.g., temporary erosion control mat or vegetation) and estimated hydraulic 
conditions of the perimeter ditch.          
 
Assumptions: 

1. As shown on Reference 2, the perimeter ditch consists of a trapezoidal channel, having a base 
width of 2 feet, a maximum  interior sideslope equal to final cover slope [i.e., 4:1 (H:V) or flatter], 
and exterior sideslope of 3:1 (H:V), and a depth of 3 feet.  For the purpose of this calculation and 
for conservatism, the perimeter ditch is assumed to have an interior sideslope of 4:1 (H:V).  The 
perimeter ditch configuration used for this calculation reflects the smallest anticipated cross-
sectional area of the perimeter ditch and is therefore, considered conservative. 

 
2. The design storm is the 25-year, 24-hour event, which produces 4.30 inches of rainfall 

(Reference 3).  The perimeter ditch design will also be evaluated for the 100-year, 24-hour storm 
event, which produces 5.15 inches of rainfall (Reference 3). 

 
3. The design invert gradient of the perimeter ditch is 3.0%.  For the purpose of this calculation, a 

3% maximum invert gradient is used to determine the maximum shear stress and maximum flow 
velocity within the perimeter ditch.  A 0.5% minimum invert gradient is used to analyze the 
hydraulic capacity (i.e., depth of flow and resulting freeboard) of the perimeter ditch. 
 

4. The perimeter ditch is analyzed for the maximum estimated peak discharge and flow depth 
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resulting from the largest tributary watershed area.  The maximum estimated peak discharge and 
flow depths are calculated based on both newly graded and vegetated surface conditions. 

 
5. Runoff curve numbers are determined from Reference 3.  The runoff curve numbers are based 

on hydrologic soil group B and the following surface types: 
 

• Newly Graded Condition: newly graded areas, CN = 86  
• Vegetated Condition: meadow (continuous grass protected from grazing), CN = 58 
• Impervious Areas:  gravel, CN = 85 

 
6. The time of concentration for the largest tributary watershed area is calculated using Reference 4.  

The velocity calculated for the channel flow segment of the time of concentration is based on bank 
full flow conditions and varies slightly from the channel velocity calculated using Reference 6.  
Reference 6 is used to calculate the channel velocity based on the calculated channel flow depth 
resulting from the estimated peak discharge and the cross sectional geometry of the perimeter 
ditch.  The velocities calculated using Reference 6 are provided in Tables 2 and 3 below. 
 

7. No minimum freeboard is required for the perimeter ditches because stable conditions exist along 
the crest edges of the ditch. Based on Reference 5, no freeboard is required for a channel where 
erosion resistant materials such as vegetation can be established adjacent to the channel edge.  
Additionally, Reference 5 recommends that the channel design be based on the peak discharge 
from the 10-year, 24-hour storm event.  In contrast, the perimeter ditch design herein is based on 
the peak discharge from the 25-year and 100-year, 24-hour storm events and is therefore more 
conservative. 

 
8. The Manning “n” for the perimeter ditch varies according to the condition of the vegetative lining. 

For newly graded surface conditions, the Manning “n” represents the presence of a temporary 
erosion control mat and is based on Reference 6. For vegetated surface conditions, the Manning 
“n” is calculated by Reference 6 based on a good stand (75% to 95% coverage) of 6- to 10-inch 
tall grass-type vegetation and a loam soil.   
 

9. For the purpose this calculation and for conservatism, the Manning “n” values calculated for the 
shear stress analysis during newly graded and vegetated conditions are also used for the flow 
depth analysis.  Although the analyzed invert gradients vary between the two analyses (e.g., 3% 
vs. 0.5%), the 0.5% invert gradient condition results in a more conservative flow depth than the 3% 
invert gradient condition.   
 

10. The critical and permissible shear stress values are calculated by Reference 6 and are based on 
the channel lining and the estimated hydraulic conditions of the perimeter ditch.  
 

11. A temporary erosion control mat will line the interior surface of the perimeter ditch to minimize soil 
erosion.  The temporary erosion control mat will degrade over time and is intended to protect the 
perimeter ditch surface soil until vegetation is established. 
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Calculations: 
1. Estimated Peak Discharge  
 
Based on Reference 1 and Assumption 4, a reach of the perimeter ditch along the northern plateau of the 
Willow Boulevard Landfill final cover has the largest tributary watershed and therefore, represents the 
worst case watershed condition. The tributary watershed area to this portion of the perimeter ditch is 
approximately 2.84 acres. A composite curve number for the tributary watershed was determined based 
on cover type and the conditions described in Assumption 5.  The estimated peak discharge for the 
largest contributing watershed is calculated using Reference 4.   
 
Table 1 summarizes the watershed parameters and estimated peak discharge resulting from the 25 and 
100-year, 24-hour storm events during both newly graded and vegetated surface conditions.  
 

Table 1 

Surface 
Condition 

Watershed 
Area [acres] 

Composite 
Runoff Curve 

Number 

Time of 
Concentration 

[hr] 

25-yr, 24-hr 
Estimated Peak 
Discharge [cfs] 

100-yr, 24-hr 
Estimated Peak 
Discharge [cfs] 

Newly Graded  2.84 86 0.04 15.77 19.92 

Vegetated  2.84 62 0.24 3.48 5.61 

 
Supporting output from Reference 4 for the perimeter ditch during both newly graded and vegetated 
surface conditions are included as attachments to this calculation.  
 
2. Hydraulic Conditions 
 
The hydraulic conditions are based on the proposed geometry of the perimeter ditch (Assumption 1) and 
the above-calculated peak discharges.  Tables 2 and 3 summarize the resulting estimated hydraulic 
conditions associated with the 25 and 100-year, 24-hour storm events, respectively.  
 

Table 2 

Surface 
Condition  

25-yr, 24-hr 
Estimated 

Peak 
Discharge 

[cfs] 

Manning 
“n” 4 

Flow 
Depth1 

[ft] 
Freeboard1 

[ft] 
Flow 

Velocity 
[ft/sec]3 

Critical 
Shear 
Stress 
[psf]3 

Permissible 
Shear 

Stress [psf] 

Factor 
of 

Safety2 

Newly Graded 15.77 0.047 1.30 1.70 3.60 1.63 1.85 1.14 

Vegetated 3.48 0.117 1.00 2.00 1.23 1.23 4.20 3.41 
Notes: 

1. The flow depth and freeboard are based on a minimum invert gradient of 0.5% (Assumptions 3 and 9).  
2. The factor of safety is based on a comparison between the permissible and critical shear stress. 
3. The flow velocity and critical shear stress are based on a maximum invert slope of 3% (Assumption 3). 
4. The Manning “n” value is calculated by Reference 6 when analyzing the shear stress of the perimeter ditch (Assumptions 

8 and 9). 
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Table 3 

Surface 
Condition  

100-yr, 24-
hr 

Estimated 
Peak 

Discharge 
[cfs] 

Manning 
“n”4  

Flow 
Depth1 

[ft] 
Freeboard1 

[ft] 
Flow 

Velocity 
[ft/sec]3 

Critical 
Shear 
Stress 
[psf] 3 

Permissible 
Shear 

Stress [psf] 
Factor of 

Safety 

Newly 
Graded 19.92 0.045 1.42 1.58 3.94 1.78 1.85 1.04 

Vegetated 5.61 0.098 0.67 2.33 1.59 1.42 4.20 2.96 
Notes: 

1. The flow depth and freeboard are based on a minimum invert gradient of 0.5% (Assumption 3 and 9). 
2. The factor of safety is based on a comparison between the permissible and critical shear stress. 
3. The flow velocity and critical shear stress are based on a maximum invert slope of 3% (Assumption 3). 
4. The Manning “n” value is calculated by Reference 6 when analyzing the shear stress of the perimeter ditch (Assumptions 

8 and 9). 
 
Because the critical shear stress is less than the permissible shear stress for both surface cover 
conditions, the proposed cross-sectional geometry of the perimeter ditch is considered hydraulically 
stable.  Because the proposed cross-sectional geometry provides freeboard for all conditions, the 
perimeter ditch provides adequate hydraulic capacity. 
 
The hydraulic analysis and output from Reference 6 is included as an attachment to this calculation. 
Summary: 
The perimeter ditch configuration (Assumption 1) provides adequate hydraulic capacity to convey the 25-
year, 24-hour estimated peak discharges.  Results of the hydraulic analysis above indicates that stable 
conditions exist in the perimeter ditch for both newly graded and established vegetated conditions.  In 
addition, the hydraulic analysis indicates the perimeter ditch provides sufficient conveyance capacity and 
is stable against erosion for the 100-year, 24-hour estimated peak discharge.  
 



 

 

Watershed Area Map





 

 

Newly Graded Watershed 
Condition



 

 

25-year, 24-hour Storm







Project: Willow Boulevard/A-Site Landfill
Project No.: B0064581/B0064582
Subject: Perimeter Ditch Design

Prepared by: RLP 
Date: March 2011

Flow Capacity (cfs) 15.77
Base Width (ft) 2.00
Left Side Slope (x:1) 4.00
Right Side Slope (x:1) 3.00
Bed Slope 0.005
Manning "n" 0.047

Flowrate from Manning Equation (cfs) 15.77
Required Flow Depth (ft) 1.30
Resulting Flow Velocity (ft/s) 1.85
Resulting Flow Width at Top (ft) 11.12
Resulting Flow Area (ft2) 8.53
Resulting Wetted Perimeter (ft) 11.49
Resulting Hydraulic Radius (ft) 0.74
Permissible Shear Stress (psf) 1.85
Calculated Shear Stress (psf) 1.63

Channel Dimensions
Channel Depth (ft) 3.00
Resulting Freeboard (ft) 1.70
Shear Stress Factor of Safety 1.14

Channel Design (Input)

Flow Conditions (Output)

Perimeter Ditch Capacity                           
Newly Graded Watershed Condition

25-year, 24-hour

3/3/2011
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Vegetated Watershed Condition 







Project: Willow Boulevard/A-Site Landfill
Project No.: B0064581/B0064582
Subject: Perimeter Ditch Design

Prepared by: RLP 
Date: March 2011

Flow Capacity (cfs) 3.48
Base Width (ft) 2.00
Left Side Slope (x:1) 4.00
Right Side Slope (x:1) 3.00
Bed Slope 0.005
Manning "n" 0.117

Flowrate from Manning Equation (cfs) 3.48
Required Flow Depth (ft) 1.00
Resulting Flow Velocity (ft/s) 0.63
Resulting Flow Width at Top (ft) 8.99
Resulting Flow Area (ft2) 5.48
Resulting Wetted Perimeter (ft) 9.27
Resulting Hydraulic Radius (ft) 0.59
Permissible Shear Stress (psf) 4.20
Calculated Shear Stress (psf) 1.23

Channel Dimensions
Channel Depth (ft) 3.00
Resulting Freeboard (ft) 2.00
Shear Stress Factor of Safety 3.41

Channel Design (Input)

Flow Conditions (Output)

Perimeter Ditch Capacity                         
Vegetated Watershed Condition

25-year, 24-hour

3/3/2011
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100-year, 24-hour Storm



 

 

Newly Graded Watershed 
Condition







Project: Willow Boulevard/A-Site Landfill
Project No.: B0064581/B0064582
Subject: Perimeter Ditch Design

Prepared by: RLP 
Date: March 2011

Flow Capacity (cfs) 19.92
Base Width (ft) 2.00
Left Side Slope (x:1) 4.00
Right Side Slope (x:1) 3.00
Bed Slope 0.005
Manning "n" 0.045

Flowrate from Manning Equation (cfs) 19.92
Required Flow Depth (ft) 1.42
Resulting Flow Velocity (ft/s) 2.02
Resulting Flow Width at Top (ft) 11.92
Resulting Flow Area (ft2) 9.85
Resulting Wetted Perimeter (ft) 12.33
Resulting Hydraulic Radius (ft) 0.80
Permissible Shear Stress (psf) 1.85
Calculated Shear Stress (psf) 1.78

Channel Dimensions
Channel Depth (ft) 3.00
Resulting Freeboard (ft) 1.58
Shear Stress Factor of Safety 1.04

Perimeter Ditch Capacity                           
Newly Graded Watershed Condition

Channel Design (Input)

Flow Conditions (Output)

100-year, 24-hour

3/3/2011
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Vegetated Watershed Condition







Project: Willow Boulevard/A-Site Landfill
Project No.: B0064581/B0064582
Subject: Perimeter Ditch Design

Prepared by: RLP 
Date: March 2011

Flow Capacity (cfs) 5.61
Base Width (ft) 2.00
Left Side Slope (x:1) 4.00
Right Side Slope (x:1) 3.00
Bed Slope 0.005
Manning "n" 0.098

Flowrate from Manning Equation (cfs) 5.61
Required Flow Depth (ft) 1.14
Resulting Flow Velocity (ft/s) 0.82
Resulting Flow Width at Top (ft) 10.00
Resulting Flow Area (ft2) 6.86
Resulting Wetted Perimeter (ft) 10.33
Resulting Hydraulic Radius (ft) 0.66
Permissible Shear Stress (psf) 4.20
Calculated Shear Stress (psf) 1.42

Channel Dimensions
Channel Depth (ft) 3.00
Resulting Freeboard (ft) 1.86
Shear Stress Factor of Safety 2.96

Perimeter Ditch Capacity                         
Vegetated Watershed Condition

Channel Design (Input)

Flow Conditions (Output)

100-year, 24-hour

3/3/2011
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Chapter 2

2–5(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55
Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2a Runoff curve numbers for urban areas 1/

Curve numbers for
-------------------------------------------  Cover description  ----------------------------------------- -----------hydrologic soil group -------------

Average percent
Cover type and hydrologic condition impervious area 2/ A B C D

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, etc.) 3/:
Poor condition (grass cover < 50%) .......................................... 68 79 86 89
Fair condition (grass cover 50% to 75%) .................................. 49 69 79 84
Good condition (grass cover > 75%) ......................................... 39 61 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc.

(excluding right-of-way) ............................................................. 98 98 98 98
Streets and roads:

Paved; curbs and storm sewers (excluding
right-of-way) ................................................................................ 98 98 98 98
Paved; open ditches (including right-of-way) .......................... 83 89 92 93
Gravel (including right-of-way) ................................................. 76 85 89 91
Dirt (including right-of-way) ...................................................... 72 82 87 89

Western desert urban areas:
Natural desert landscaping (pervious areas only)  4/ ..................... 63 77 85 88
Artificial desert landscaping (impervious weed barrier,

desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) ...................................................................... 96 96 96 96

Urban districts:
Commercial and business ................................................................. 85 89 92 94 95
Industrial ............................................................................................. 72 81 88 91 93

Residential districts by average lot size:
1/8 acre or less (town houses) .......................................................... 65 77 85 90 92
1/4 acre ................................................................................................ 38 61 75 83 87
1/3 acre ................................................................................................ 30 57 72 81 86
1/2 acre ................................................................................................ 25 54 70 80 85
1 acre ................................................................................................... 20 51 68 79 84
2 acres .................................................................................................. 12 46 65 77 82

Developing urban areas

Newly graded areas
(pervious areas only, no vegetation) 5/ ................................................................ 77 86 91 94

Idle lands (CN’s are determined using cover types
similar to those in table 2-2c).

1 Average runoff condition, and Ia = 0.2S.
2 The average percent impervious area shown was used to develop the composite CN’s. Other assumptions are as follows: impervious areas are

directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in
good hydrologic condition. CN’s for other combinations of conditions may be computed using figure 2-3 or 2-4.

3 CN’s shown are equivalent to those of pasture. Composite CN’s may be computed for other combinations of open space
cover type.

4 Composite CN’s for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage
(CN = 98) and the pervious area CN. The pervious area CN’s are assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN’s to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 2-4
based on the degree of development (impervious area percentage) and the CN’s for the newly graded  pervious areas.



Chapter 2

2–7(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55
Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2c Runoff curve numbers for other agricultural lands 1/

         Curve numbers for
---------------------------------------  Cover description  --------------------------------------                 ------------  hydrologic soil group ---------------

Hydrologic
Cover type condition A B C D

Pasture, grassland, or range—continuous Poor 68 79 86 89
forage for grazing. 2/ Fair 49 69 79 84

Good 39 61 74 80

Meadow—continuous grass, protected from — 30 58 71 78
grazing and generally mowed for hay.

Brush—brush-weed-grass mixture with brush Poor 48 67 77 83
the major element. 3/ Fair 35 56 70 77

Good 30 4/ 48 65 73

Woods—grass combination (orchard Poor 57 73 82 86
or tree farm). 5/ Fair 43 65 76 82

Good 32 58 72 79

Woods. 6/ Poor 45 66 77 83
Fair 36 60 73 79

Good 30 4/ 55 70 77

Farmsteads—buildings, lanes, driveways, — 59 74 82 86
and surrounding lots.

1  Average runoff condition, and Ia = 0.2S.
2  Poor: <50%) ground cover or heavily grazed with no mulch.

 Fair: 50 to 75% ground cover and not heavily grazed.
 Good: > 75% ground cover and lightly or only occasionally grazed.

3  Poor: <50% ground cover.
 Fair: 50 to 75% ground cover.
 Good: >75% ground cover.

4  Actual curve number is less than 30; use CN = 30 for runoff computations.
5  CN’s shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of conditions may be computed

from the CN’s for woods and pasture.
6  Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.

 Fair: Woods are grazed but not burned, and some forest litter covers the soil.
 Good: Woods are protected from grazing, and litter and brush adequately cover the soil.



 

 

Technical Release 55 – 25-year 
and 100-year, 24-hour Rainfall 
Maps 
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Calculation Sheet 

Imagine the result 

Client: Georgia-Pacific LLC Project: B0064581/B0064582 

Prepared by: RLP Date: March 2011 
Title: Willow Boulevard/A-Site Operable Unit 2  
Reviewed By: CAA Date: March 2011 

Checked By: PHB Date: March 2011 

Subject: Mid-Slope Swale Design 

 
Objective: 
Demonstrate that the proposed geometry of the mid-slope swales provide adequate hydraulic capacity to 
convey the estimated peak discharge resulting from the 25-year, 24-hour storm event.  Demonstrate that 
stable hydraulic conditions exist within the mid-slope swales during the design storm for newly graded 
and vegetated surface conditions. 
 
Additional analysis will be performed to demonstrate that the mid-slope swale design provides sufficient 
hydraulic capacity to convey the estimated peak discharge resulting from the 100-year, 24-hour storm 
event. 
 
References: 
 

1. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 5 titled “Final Cover Grading and 
Stormwater Management Plan,” ARCADIS, March 2011. 

 
2. Willow Boulevard /A-Site Landfill Operable Unit 2 Drawing No. 15 titled “Stormwater Management 

Section and Details,” ARCADIS, March 2011. 
 

3. Technical Release 55 - Urban Hydrology for Small Watersheds, Soil Conservation Service, June 
1986. 

 
4. HydroCAD Software Solutions, LLC. HydroCAD. Vers. 8.5. Computer Software. 2006. 

 
5. “Guidebook of Best Management Practices for Michigan Watersheds,” Michigan Department of 

Environmental Quality (MDEQ), October 1998. 
 

6. North American Green Erosion Control Materials Design Software v. 4.3, 2003. 
 

Methodology: 
 
The mid-slope swale design is analyzed for the estimated peak discharge resulting from the 25-year and 
100-year, 24-hour storm events.  The method for calculating the estimated peak discharge is based on 
the methodologies presented in Technical Release 55 – Urban Hydrology for Small Watershed 
(Reference 3).  The estimated peak discharge is calculated based on the following: 
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• Largest tributary watershed area  

• Time of concentration (Tc) path  

• Hydrologic soil group (i.e., A, B, C or D)  

• Surface condition (i.e., newly graded, vegetated, impervious, etc.) 
 
The estimated peak discharge is calculated for both newly graded and vegetated surface conditions using 
HydroCAD Software (Reference 4).  The estimated peak discharge during newly graded surface 
conditions is larger than during vegetated surface conditions and results in larger flow volumes and 
velocities within the mid-slope swale.  Newly graded surface conditions are analyzed to determine the 
appropriate erosion control mat lining to use within the mid-slope swale until vegetation is established.  
Vegetated surface conditions are analyzed to determine the final conditions of the mid-slope swale.   
 
Manning “n” values are calculated using North American Green Erosion Control Materials Design 
Software (Reference 6).  The Manning “n” value for the mid-slope swale varies according to the surface 
condition of the swale lining (e.g., erosion control mat or vegetation). 
 
The required flow depth within the mid-slope swale is calculated based on the cross-sectional geometry 
of the swale, the minimum invert gradient, flow velocity and the Manning “n” value using North American 
Green Erosions Control Materials Design Software (Reference 6).  Vegetated surface conditions are used 
to determine the required flow depth since the flow velocity within the mid-slope swale is slower during 
vegetated surface conditions (due to a larger Manning “n” value) than newly graded surface conditions, 
yielding a larger required flow depth. 
 
Permissible and critical shear stress values are calculated based on the cross-sectional geometry of the 
mid-slope swale, the maximum invert gradient, flow velocity and the Manning “n” value using North 
American Green Erosion Control Materials Design Software (Reference 6).  The values are based on the 
mid-slope swale lining (e.g., erosion control mat or vegetation) and estimated hydraulic conditions.  
         
Assumptions: 
 

1. As shown on References 1, mid-slope swales will be constructed on the A-Site Landfill final cover 
area at the grade break between the 25% sideslope and the plateau, as well as along the eastern 
25% sideslope.  Mid-slope swales will also be constructed on the Willow Boulevard Landfill along 
the southern 25% sideslope.  

 
2. Based on Reference 2, the mid-slope swales consist of a v-notch channel having a maximum 

interior sideslope equal to the final cover slope [i.e., 4:1 (H:V) or flatter] and an exterior sideslope 
of 3:1 (H:V). The depth of the mid-slope swale, measured from the crest of the outboard 
sideslope to the swale invert is 2.0 feet.  For the purpose of this calculation and for conservatism, 
the mid-slope swale is assumed to have an interior sideslope of 4:1 (H:V).  The mid-slope swale 
configuration used for this calculation reflects the smallest anticipated cross-sectional area of the 
swale and is therefore, considered conservative.  
 

3. The designed invert gradient of the mid-slope swale is 3.0%.  For the purpose of this calculation, 
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Imagine the result 

3% is assumed to be the maximum invert gradient and is used to determine the maximum shear 
stress and maximum flow velocity within the mid-slope swale.  For the purpose of this calculation 
and for conservatism, a minimum invert gradient of 0.5% is used to analyze the hydraulic capacity 
(i.e., depth of flow and resulting freeboard) of the swale. 
 

4. Permanent erosion control mat will line the interior surface of the mid-slope swale to minimize soil 
erosion immediately after construction.  The permanent erosion control mat is intended to protect 
the swale surface soil until vegetation is established. 

 
5. The design storm is the 25-year, 24-hour event, which produces 4.30 inches of rainfall 

(Reference 3).  The mid-slope swale will also be evaluated for the 100-year, 24-hour storm event, 
which produces 5.15 inches of rainfall (Reference 3).  

 
6. The watershed areas for the mid-slope swales are based on Reference 1.  The approximate 

watershed boundaries are shown on the watershed area map included as an attachment to this 
calculation.  

 
7. The mid-slope swale is analyzed for the maximum estimated peak discharge and flow depth 

resulting from the largest tributary watershed area.  The maximum estimated peak discharge and 
flow depths are calculated based on both newly graded and vegetated surface conditions. 

 
8. Runoff curve numbers are determined from Reference 3.  The runoff curve numbers are based 

on hydrologic soil group B and the following surface  types: 
 

• Newly Graded Condition: newly graded areas, CN = 86  
• Vegetated Condition: meadow (continuous grass protected from grazing), CN = 58 

 
9. The time of concentration for the largest tributary watershed area is calculated using Reference 4.  

The velocity calculated for the channel flow segment of the time of concentration is based on bank 
full flow conditions and varies slightly from the channel velocity calculated using Reference 6.  
Reference 6 is used to calculate the channel velocity based on the calculated channel flow depth 
resulting from the estimated peak discharge and the cross sectional geometry of the perimeter 
ditch.  The velocities calculated using Reference 6 are provided in Tables 2 and 3 below. 
 

10. The Manning “n” for the mid-slope swale varies according to the condition of the vegetative lining. 
For newly graded conditions, the Manning “n” represents the presence of a permanent erosion 
control mat and is based on Reference 6. For vegetated conditions, the Manning “n” is calculated 
by Reference 6 based on a good stand (75% to 95% coverage) of 6- to 10-inch tall grass-type 
vegetation and a loam soil. 
 

11. For the purpose this calculation and for conservatism, the Manning “n” values calculated for the 
shear stress analysis during newly graded and vegetated conditions are also used for the flow 
depth analysis.  Although the analyzed invert gradients vary between the two analyses (e.g., 3% 
vs. 0.5%), the 0.5% invert gradient condition results in a more conservative flow depth than the 3% 
invert gradient condition.   
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12. The critical and permissible shear stress values are calculated by Reference 6 and are based on 
the channel lining and the estimated hydraulic conditions of the mid-slope swale.  

 
13. No minimum freeboard is required for the perimeter ditches because stable conditions exist along 

the crest edges of the ditch. Based on Reference 5, no freeboard is required for a channel where 
erosion resistant materials such as vegetation can be established adjacent to the channel edge.  
Additionally, Reference 5 recommends that the channel design be based on the peak discharge 
from the 10-year, 24-hour storm event.  In contrast, the perimeter ditch design herein is based on 
the peak discharge from the 25-year and 100-year, 24-hour storm events and is therefore more 
conservative. 
 

Calculations: 
 
1. Estimated Peak Discharge  
 
The largest watershed area contributing to a mid-slope swale is approximately 2.96 acres.  A composite 
curve number for the tributary watershed was determined based on cover type and conditions described 
in Assumption 8.  The estimated peak discharge for the largest contributing watershed is calculated using 
Reference 4.   
 
Table 1 summarizes the watershed parameters and estimated peak discharge resulting from the 25 and 
100-year, 24-hour storm events during both newly graded and vegetated surface conditions.  
 

Table 1 

Surface 
Condition 

Watershed 
Area [acres] 

Runoff Curve 
Number 

Time of 
Concentration 

[hr] 

25-yr, 24-hr 
Estimated Peak 
Discharge [cfs] 

100-yr, 24-hr 
Estimated Peak 
Discharge [cfs] 

Newly Graded  2.96 86 0.04 16.43 20.70 

Vegetated  2.96 58 0.29 2.29 3.95 

 
Supporting output from Reference 4 for the mid-slope swale during both newly graded and vegetated 
surface conditions are included as attachments to this calculation.  
 
2. Hydraulic Conditions 
 
The hydraulic conditions are based on the proposed geometry of the mid-slope swale (Assumption 2) and 
the above-calculated peak discharges.  Tables 2 and 3 summarize the resulting estimated hydraulic 
conditions associated with the 25 and 100-year, 24-hour storm events, respectively. 
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Table 2 

Surface 
Condition  

25-yr, 24-hr 
Estimated 

Peak 
Discharge 

[cfs] 

Manning 
“n”4  

Flow 
Depth1 

[ft] 
Freeboard1 

[ft] 
Flow 

Velocity3 
[ft/sec] 

Critical 
Shear 

Stress3 
[psf] 

Permissible 
Shear 

Stress [psf] 

Factor 
of 

Safety2 

Newly Graded 16.38 0.031 0.97 1.03 4.99 1.81 3.00 1.65 

Vegetated 2.29 0.133 1.11 0.89 1.02 1.50 10.00 6.67 
Notes: 

1. The flow depth and freeboard are based on a minimum invert gradient of 0.5% (Assumption 3).  
2. The factor of safety is based on a comparison between the permissible and critical shear stress. 
3. The flow velocity and critical shear stress are based on a maximum invert slope of 3% (Assumption 3). 
4. The Manning “n” value is calculated by Reference 6 when analyzing the shear stress of the perimeter ditch (Assumptions 

10 and 11). 
 

Table 3 

Surface 
Condition  

100-yr, 24-hr 
Estimated 

Peak 
Discharge 

[cfs] 

Manning 
“n”4 

Flow 
Depth1 

[ft] 
Freeboard1 

[ft] 
Flow 

Velocity3 
[ft/sec] 

Critical 
Shear 

Stress3 
[psf] 

Permissible 
Shear 

Stress [psf] 

Factor 
of 

Safety2 

Newly Graded 20.70 0.030 1.45 0.55 5.48 1.95 3.00 1.54 

Vegetated 3.95 0.133 1.37 0.63 1.17 1.84 10.00 5.44 
Notes: 

1. The flow depth and freeboard are based on a minimum invert gradient of 0.5% (Assumption 3).  
2. The factor of safety is based on a comparison between the permissible and critical shear stress. 
3. The flow velocity and critical shear stress are based on a maximum invert slope of 3% (Assumption 3). 
4. The Manning “n” value is calculated by Reference 6 when analyzing the shear stress of the perimeter ditch (Assumptions 

10 and 11). 
 
Because the mid-slope swale provides a minimum of 0.55 and 0.63 feet of freeboard during newly graded 
and vegetated surface conditions, respectively, and the 100-yr, 24-hour storm event, the proposed mid-
slope swale configuration provides adequate hydraulic capacity.  Additionally, because the critical shear 
stress is less than the permissible shear stress for both surface cover conditions and storm events, the 
cross-sectional geometry of the mid-slope swale is considered hydraulically stable. 
 
The hydraulic analysis and output from Reference 6 is included as an attachment to this calculation. 
 
Summary: 
 
Based on the above calculations, the mid-slope swale configuration depicted on Reference 2 provides 
adequate hydraulic capacity to convey the 25-year, 24-hour estimated peak discharges from the 
contributing watersheds.  Results of the hydraulic analysis above indicate that stable conditions exist in 
the mid-slope swale for both newly graded and established vegetated conditions.  In addition, the 
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hydraulic analysis indicates that the proposed geometry of the mid-slope swale provides sufficient 
conveyance capacity and is stable against erosion for the 100-year, 24-hour estimated peak discharge.  



 

 

Watershed Area Map





 

 

25-year, 24-hour Storm 



 

 

Newly Graded Watershed 
Condition







Project: Willow Boulevard/A-Site Landfill
Project No.: B0064581/B0064582
Subject: Swale Design

Prepared by: RLP 
Date: March 2011

Flow Capacity (cfs) 16.38
Channel Depth (ft) (minimum) 2.00
Channel Base Width (ft) 0.00
Left Side Slope (x:1) 4.00
Right Side Slope (x:1) 3.00
Channel Width at Top (ft) 14.00
Channel Bed Slope 0.005
Manning "n" 0.031

Flowrate from Manning Equation (cfs) 6.69
Required Flow Depth (ft) 0.97
Resulting Flow Velocity (ft/s) 2.04
Resulting Flow Width at Top (ft) 6.78
Resulting Flow Area (ft2) 3.28
Resulting Wetted Perimeter (ft) 7.06
Resulting Hydraulic Radius (ft) 0.47

Channel Conditions
Resulting Freeboard Depth (ft) 1.03

Channel Design (Input)

Swale Capacity
Newly Graded Watershed Condition

Flow Conditions (Output)

25-year, 24-hour

3/4/2011
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Vegetated Watershed Condition







Project: Willow Boulevard/A-Site Landfill
Project No.: B0064581/B0064582
Subject: Swale Design

Prepared by: RLP 
Date: March 2011

Flow Capacity (cfs) 2.29
Channel Depth (ft) 2.00
Channel Base Width (ft) 0.00
Left Side Slope (x:1) 4.00
Right Side Slope (x:1) 3.00
Channel Width at Top (ft) 14.00
Channel Bed Slope 0.005
Manning "n" 0.133

Flowrate from Manning Equation (cfs) 2.29
Required Flow Depth (ft) 1.11
Resulting Flow Velocity (ft/s) 0.53
Resulting Flow Width at Top (ft) 7.80
Resulting Flow Area (ft2) 4.35
Resulting Wetted Perimeter (ft) 7.99
Resulting Hydraulic Radius (ft) 0.54

Channel Conditions
Resulting Freeboard Depth (ft) 0.89

Channel Design (Input)

Swale Capacity                                 
Vegetated Watershed Condition

Flow Conditions (Output)

25-year, 24-hour

3/4/2011
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100-year, 24-hour Storm



 

 

Newly Graded Watershed 
Condition







Project: Willow Boulevard/A-Site Landfill
Project No.: B0064581/B0064582
Subject: Mid-Slope Swale Design

Prepared by: RLP 
Date: March 2011

Flow Capacity (cfs) 20.70
Channel Depth (ft) (minimum) 2.00
Channel Base Width (ft) 0.00
Left Side Slope (x:1) 4.00
Right Side Slope (x:1) 3.00
Channel Width at Top (ft) 14.00
Channel Bed Slope 0.005
Manning "n" 0.030

Flowrate from Manning Equation (cfs) 20.70
Required Flow Depth (ft) 1.45
Resulting Flow Velocity (ft/s) 2.80
Resulting Flow Width at Top (ft) 10.17
Resulting Flow Area (ft2) 7.39
Resulting Wetted Perimeter (ft) 10.59
Resulting Hydraulic Radius (ft) 0.70

Channel Conditions
Resulting Freeboard Depth (ft) 0.55

Mid-Slope Swale Capacity 
Newly Graded Watershed Condition

100-year, 24-hour

Channel Design (Input)

Flow Conditions (Output)

3/4/2011
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Vegetated Watershed Condition







Project: Willow Boulevard/A-Site Landfill
Project No.: B0064581/B0064582
Subject: Mid-Slope Swale Design

Prepared by: RLP 
Date: March 2011

Flow Capacity (cfs) 3.95
Channel Depth (ft) (minimum) 2.00
Channel Base Width (ft) 0.00
Left Side Slope (x:1) 4.00
Right Side Slope (x:1) 3.00
Channel Width at Top (ft) 14.00
Channel Bed Slope 0.005
Manning "n" 0.133

Flowrate from Manning Equation (cfs) 3.95
Required Flow Depth (ft) 1.37
Resulting Flow Velocity (ft/s) 0.60
Resulting Flow Width at Top (ft) 9.60
Resulting Flow Area (ft2) 6.58
Resulting Wetted Perimeter (ft) 9.99
Resulting Hydraulic Radius (ft) 0.66

Channel Conditions
Resulting Freeboard Depth (ft) 0.63

Mid-Slope Swale Capacity                        
Vegetated Watershed Condition

100-year, 24-hour

Channel Design (Input)

Flow Conditions (Output)

3/4/2011
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Technical Release 55
Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2a Runoff curve numbers for urban areas 1/

Curve numbers for
-------------------------------------------  Cover description  ----------------------------------------- -----------hydrologic soil group -------------

Average percent
Cover type and hydrologic condition impervious area 2/ A B C D

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, etc.) 3/:
Poor condition (grass cover < 50%) .......................................... 68 79 86 89
Fair condition (grass cover 50% to 75%) .................................. 49 69 79 84
Good condition (grass cover > 75%) ......................................... 39 61 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc.

(excluding right-of-way) ............................................................. 98 98 98 98
Streets and roads:

Paved; curbs and storm sewers (excluding
right-of-way) ................................................................................ 98 98 98 98
Paved; open ditches (including right-of-way) .......................... 83 89 92 93
Gravel (including right-of-way) ................................................. 76 85 89 91
Dirt (including right-of-way) ...................................................... 72 82 87 89

Western desert urban areas:
Natural desert landscaping (pervious areas only)  4/ ..................... 63 77 85 88
Artificial desert landscaping (impervious weed barrier,

desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) ...................................................................... 96 96 96 96

Urban districts:
Commercial and business ................................................................. 85 89 92 94 95
Industrial ............................................................................................. 72 81 88 91 93

Residential districts by average lot size:
1/8 acre or less (town houses) .......................................................... 65 77 85 90 92
1/4 acre ................................................................................................ 38 61 75 83 87
1/3 acre ................................................................................................ 30 57 72 81 86
1/2 acre ................................................................................................ 25 54 70 80 85
1 acre ................................................................................................... 20 51 68 79 84
2 acres .................................................................................................. 12 46 65 77 82

Developing urban areas

Newly graded areas
(pervious areas only, no vegetation) 5/ ................................................................ 77 86 91 94

Idle lands (CN’s are determined using cover types
similar to those in table 2-2c).

1 Average runoff condition, and Ia = 0.2S.
2 The average percent impervious area shown was used to develop the composite CN’s. Other assumptions are as follows: impervious areas are

directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in
good hydrologic condition. CN’s for other combinations of conditions may be computed using figure 2-3 or 2-4.

3 CN’s shown are equivalent to those of pasture. Composite CN’s may be computed for other combinations of open space
cover type.

4 Composite CN’s for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage
(CN = 98) and the pervious area CN. The pervious area CN’s are assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN’s to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 2-4
based on the degree of development (impervious area percentage) and the CN’s for the newly graded  pervious areas.



Chapter 2

2–7(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55
Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2c Runoff curve numbers for other agricultural lands 1/

         Curve numbers for
---------------------------------------  Cover description  --------------------------------------                 ------------  hydrologic soil group ---------------

Hydrologic
Cover type condition A B C D

Pasture, grassland, or range—continuous Poor 68 79 86 89
forage for grazing. 2/ Fair 49 69 79 84

Good 39 61 74 80

Meadow—continuous grass, protected from — 30 58 71 78
grazing and generally mowed for hay.

Brush—brush-weed-grass mixture with brush Poor 48 67 77 83
the major element. 3/ Fair 35 56 70 77

Good 30 4/ 48 65 73

Woods—grass combination (orchard Poor 57 73 82 86
or tree farm). 5/ Fair 43 65 76 82

Good 32 58 72 79

Woods. 6/ Poor 45 66 77 83
Fair 36 60 73 79

Good 30 4/ 55 70 77

Farmsteads—buildings, lanes, driveways, — 59 74 82 86
and surrounding lots.

1  Average runoff condition, and Ia = 0.2S.
2  Poor: <50%) ground cover or heavily grazed with no mulch.

 Fair: 50 to 75% ground cover and not heavily grazed.
 Good: > 75% ground cover and lightly or only occasionally grazed.

3  Poor: <50% ground cover.
 Fair: 50 to 75% ground cover.
 Good: >75% ground cover.

4  Actual curve number is less than 30; use CN = 30 for runoff computations.
5  CN’s shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of conditions may be computed

from the CN’s for woods and pasture.
6  Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.

 Fair: Woods are grazed but not burned, and some forest litter covers the soil.
 Good: Woods are protected from grazing, and litter and brush adequately cover the soil.



 

 

Technical Release 55 – 25-year 
and 100-year, 24-hour Rainfall 
Maps 
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Client: Georgia-Pacific LLC Project: B0064581/B0064582 

Prepared by: PTO/RLP Date: March 2011 
Title: Willow Boulevard/A-Site Landfill Operable Unit 2  
Reviewed By: CAA Date: March 2011 

Checked By: PHB  Date: March 2011 
Subject: Downchute Design 

 
Objective: 
 
Demonstrate that the downchute and inlet pipe for the A-Site Landfill has sufficient capacity to convey the 
estimated peak discharges resulting from the 25-year and 100-year, 24-hour storm events.     
 
References: 

1. HydroCAD Software Solutions, LLC. HydroCAD Version 8.5. Computer Software, 2006. 
 

2. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 5 titled “Final Grading and 
Stormwater Management Plan,” ARCADIS, March 2011. 

 
3. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 16 titled “Stormwater Management 

Sections and Details,” ARCADIS, March 2011. 
 

4. Technical Release 55 - Urban Hydrology for Small Watersheds, p. 2-5, Soil Conservation 
Service, June 1986 (attached). 

 
5. Engineer-In-Training Reference Manual, 8th Edition, Lindeburg, Michael R., P.E., p A-47, 1992 

(attached). 
 

Assumptions: 
1. As shown on Reference 2, one downchute location is proposed as part of the A-Site Landfill final 

cover construction. The downchute pipe will be installed perpendicular to the landfill final cover 
sideslope and will have a 4H:1V maximum pipe invert gradient.  
 

2. As shown on References 2 and 3, the downchute pipe collects runoff from an upgradient mid-
slope swale.  Flow enters the downchute pipe at the mid-slope swale low point.  
 

3. The design storm events are the 25-year, 24-hour (25-year) and 100-year, 24-hour (100-year) 
storms, which produce 4.30 inches and 5.15 inches of rainfall respectively (Reference 4).  
 

4. The downchute pipe is evaluated for the worst-case (i.e., under newly graded conditions) 
estimated peak discharge from the contributing watershed area.  A watershed area map is 
included as an attachment to this calculation. 
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5. As shown on Reference 3, the downchute pipe is a 36-inch diameter, corrugated high density 

polyethylene (HDPE) pipe.   
 

6. The depth of the mid-slope swale at the downchute pipe inlet shall be a minimum 3.5 feet (a 
minimum of 6 inches above the crown of the downchute pipe). 
 

7. As indicated in Reference 1, the downchute pipe has a Manning “n” value of 0.020.  The 
downchute pipe is mitered to conform to the slope of the mid-slope swale and final cover grades 
to reduce the entrance and exit energy losses.         
 

8. The downchute pipe is analyzed for newly graded surface conditions.  Although the A-Site Landfill 
final cover area will become vegetated over time, the assumption of newly graded surface 
conditions is conservative and accounts for the design storm occurring prior to the full 
establishment of vegetation. 
 

9. A runoff curve number of 86 is used to represent newly graded surface conditions.  The runoff 
curve number is determined using Reference 4 and is based on Hydrologic Soil Group B. 
 

10. The time of concentration for the mid-slope swale watershed area is calculated using Reference 1.  
The velocity calculated for the channel flow segment of the time of concentration is based on bank 
full flow conditions.  

 
11. The ability of the downchute pipe to collect and convey the estimated peak discharges from the 

25-year and 100-year storm events is assessed by comparing the required headwater depth at 
the pipe inlet to the depth of the mid-slope swale at the pipe inlet. Required headwater depths are 
predicted using Reference 1, which accounts for both energy losses at the pipe entrance and 
barrel friction once flow has entered the pipe.  

 
Calculations: 
Downchute Pipe Headwater Analysis  
 
The 25-year and 100-year estimated peak discharges used to analyze the A-Site Landfill downchute pipe 
is obtained using Reference 1 and represent the estimated peak discharges resulting from newly graded 
conditions. The estimated peak discharges and resultant headwater depths at the pipe inlet are based on 
Reference 1 and are shown in Table 1 below. 
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Table 1  
Estimated Peak Discharges and Inlet Headwater Depths 

Downchute 
ID Design Storm Estimated Peak 

Discharge [cfs] 
Inlet 

Headwater 
Depth2 [ft] 

Allowable Mid-
Slope Swale Depth 

at Pipe Inlet3 [ft] 

Estimated 
Freeboard at 
Pipe Inlet4[ft]

A-Site 
Landfill 

25-year 27.4 2.2 3.5 1.3 

100-year 34.5 2.5 3.5 1.0 
Notes:  

1. The estimated peak discharge is based on Assumption 4. 
2. The inlet headwater depth is determined from the stage-discharge relationship developed using Reference 1. 
3. The allowable mid-slope swale depth at the pipe inlet is based on Assumption 6. 
4. The estimated freeboard at the pipe inlet represents the difference between the inlet headwater depth and the allowable 

depth at the pipe inlet.  
 

As shown in Table 1 above, the allowable mid-slope swale depth at the downchute pipe inlet exceeds the 
calculated headwater depth at the inlet, and therefore provides freeboard at the pipe inlet.  Based on this 
freeboard condition, the downchute pipe is capable of collecting the estimated peak discharges from the 
25-year and 100-year design storm events. Supporting output from Reference 1 is included as an 
attachment to this calculation. 
 
Downchute Pipe Tailwater Analysis 
 
The downchute pipe will convey the estimated peak discharges from the mid-slope swales on an 
approximate 17 percent slope gradient.   The 25-year and 100-year estimated peak discharges for the 
downchute pipe are 27.4 cfs and 34.5 cfs, respectively.   
 
The pipe-full capacity of the 36-inch diameter downchute pipe on a 17 percent slope gradient  is 
calculated using Manning’s equation: 

Qfull = A *1.486/n * R2/3 * S1/2 

Where,  
 

Qfull =  discharge (cfs)  
A  = cross-sectional area of flow (ft2) = π (D2/4) =  7.07 ft2 
n  = coefficient of roughness =  0.020 (Assumption 7) 
R  = hydraulic radius (ft) = A/P = D/4 = 0.75 ft  
S  = slope of pipe (ft/ft) = 0.17 
 

Thus,  

Qfull = 7.07 * 1.486/0.02 * (0.75)2/3 * (0.17)1/2 
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Solving for Qfull, 

Qfull = 178.5 cfs 

The flow depth in the downchute pipe for the 25-year and 100-year estimated peak discharges are 
calculated using the ratio of the estimated flow rate to the pipe-full flowrate (Q/Qfull) and the ratio of flow 
depth to pipe diameter.  Table 2 below summarizes the downchute pipe flow characteristics for the 25-
year and 100-year estimated peak discharges. 
 

Table 2 
Pipe Flow Characteristics 

Pipe Design Storm Q/Q full d/D1 
Resultant 

Flow Depth2 
[in] 

Downchute 
25-year 0.15 0.25 9.0 

100-year 0.19 0.29 10.4 
Notes: 
1. Reference 5 is used to calculate the ratio of flow depth (d) to pipe diameter (D).  
2. The resultant flow depth is calculated by multiplying the ratio of depth of flow to pipe diameter by the pipe diameter 

(36 inches, Assumption 5).  
 
The calculated flow depths presented in Table 2 are not expected to create a tailwater condition in the 
downchute pipe.   Additionally, since the calculated pipe-full flowrate of 178.5 cfs is greater than the 
worst-case estimated flowrate of 34.5 cfs, resulting from the 100-year design storm event, the downchute 
pipe is considered to be of sufficient size.   
 
Summary: 
The A-Site Landfill downchute pipe is capable of collecting the estimated peak discharges from the 25-
year and 100-year design storm events because the depth of the mid-slope swale at the downchute pipe 
inlet exceeds the estimated headwater depth at the pipe inlet, and therefore provides freeboard at the 
pipe inlet.  The downchute pipe is considered to be of sufficient size to convey the estimated peak 
discharges from the 25-year and 100-year design storm events because the calculated pipe-full flowrate 
of the downchute pipe is greater than the worst-case estimated flowrate resulting from the 100-year 
design storm event.  Based on the above conditions, the downchute pipe provides sufficient hydraulic 
capacity to collect and convey the 25-year and 100-year, 24-hour estimated peak discharges resulting 
from the defined upgradient watershed area.    



 

 

Watershed Area Map 
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25-year, 24-hour Storm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Type II 24-hr 25-yr  Rainfall=4.30"Downchute Design
Printed  3/1/2011Prepared by ARCADIS

Page 1HydroCAD® 8.50  s/n 005598  © 2007 HydroCAD Software Solutions LLC

Summary for Subcatchment 13S: A-Site Mid-Slope Swale (Newly Graded)

Runoff = 27.42 cfs @ 11.93 hrs,  Volume= 1.160 af,  Depth> 2.82"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-yr  Rainfall=4.30"

Area (ac) CN Description
4.940 86 Newly graded area, HSG B
4.940 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.1 150 0.0780 2.32 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.60"

0.2 44 0.0870 2.95 Shallow Concentrated Flow, 
Nearly Bare & Untilled   Kv= 10.0 fps

1.0 525 0.0300 8.38 118.19 Channel Flow, 
Area= 14.1 sf  Perim= 14.6'  r= 0.97' n= 0.030

2.3 719 Total

Summary for Pond 14P: A-Site Downchute Pipe

Inflow Area = 4.940 ac, 0.00% Impervious,  Inflow Depth > 2.82" for  25-yr event
Inflow = 27.42 cfs @ 11.93 hrs,  Volume= 1.160 af
Outflow = 27.42 cfs @ 11.93 hrs,  Volume= 1.160 af,  Atten= 0%,  Lag= 0.0 min
Primary = 27.42 cfs @ 11.93 hrs,  Volume= 1.160 af

Routing by Stor-Ind method, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 2.17' @ 11.93 hrs
Flood Elev= 3.50'

Device Routing     Invert Outlet Devices
#1 Primary 0.00' 36.0"  x 18.0' long 36" Dia DR 26   

CPP, end-section conforming to fill, Ke= 0.500 
Outlet Invert= -3.00' S= 0.1667 '/' Cc= 0.900 
n= 0.020 Corrugated PE, corrugated interior 

Primary OutFlow Max=27.33 cfs @ 11.93 hrs HW=2.16' (Free Discharge)
1=36" Dia DR 26 (Inlet Controls 27.33 cfs @ 5.01 fps)



 

 

100-year, 24-hour Storm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Type II 24-hr 100-yr  Rainfall=5.15"Downchute Design
Printed  3/1/2011Prepared by ARCADIS

Page 2HydroCAD® 8.50  s/n 005598  © 2007 HydroCAD Software Solutions LLC

Summary for Subcatchment 13S: A-Site Mid-Slope Swale (Newly Graded)

Runoff = 34.54 cfs @ 11.93 hrs,  Volume= 1.484 af,  Depth> 3.61"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Type II 24-hr 100-yr  Rainfall=5.15"

Area (ac) CN Description
4.940 86 Newly graded area, HSG B
4.940 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.1 150 0.0780 2.32 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.60"

0.2 44 0.0870 2.95 Shallow Concentrated Flow, 
Nearly Bare & Untilled   Kv= 10.0 fps

1.0 525 0.0300 8.38 118.19 Channel Flow, 
Area= 14.1 sf  Perim= 14.6'  r= 0.97' n= 0.030

2.3 719 Total

Summary for Pond 14P: A-Site Downchute Pipe

Inflow Area = 4.940 ac, 0.00% Impervious,  Inflow Depth > 3.61" for  100-yr event
Inflow = 34.54 cfs @ 11.93 hrs,  Volume= 1.484 af
Outflow = 34.54 cfs @ 11.93 hrs,  Volume= 1.484 af,  Atten= 0%,  Lag= 0.0 min
Primary = 34.54 cfs @ 11.93 hrs,  Volume= 1.484 af

Routing by Stor-Ind method, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 2.54' @ 11.93 hrs
Flood Elev= 3.50'

Device Routing     Invert Outlet Devices
#1 Primary 0.00' 36.0"  x 18.0' long 36" Dia DR 26   

CPP, end-section conforming to fill, Ke= 0.500 
Outlet Invert= -3.00' S= 0.1667 '/' Cc= 0.900 
n= 0.020 Corrugated PE, corrugated interior 

Primary OutFlow Max=34.42 cfs @ 11.93 hrs HW=2.53' (Free Discharge)
1=36" Dia DR 26 (Inlet Controls 34.42 cfs @ 5.41 fps)
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Client: Georgia-Pacific LLC Project: B0064581/B0064582 

Prepared by: RLP Date: March 2011 
Title: Willow Boulevard/A-Site Landfill Operable Unit 2 
Reviewed By: CAA Date: March 2011 

Checked By: PHB Date: March 2011 

Subject: Culvert Design 

 
Objective: 
Determine the culvert configurations for the Willow Boulevard and A-Site Landfills based on the estimated 
peak discharge from the 25-year, 24-hour storm event.   
 
Demonstrate that the selected culvert configurations provide sufficient hydraulic capacity to convey the 
estimated peak discharges from the 100-year, 24-hour storm event.  
 
References: 
 

1. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 5 titled “Final Cover Grading and 
Stormwater Management Plan,” ARCADIS, March 2011. 

 
2. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 15 titled “Stormwater Management 

Sections and Details,” ARCADIS, March 2011. 
 

3. Technical Release 55 - Urban Hydrology for Small Watersheds, p. 2-5, Soil Conservation 
Service, June 1986 (attached). 

 
4. HydroCAD Software Solutions, LLC. HydroCAD. Vers. 8.5. Computer Software. 2006. 

 
5. Manufacturer literature, Advanced Drainage Systems, Inc. (attached). 

 
6. “Guidebook of Best Management Practices for Michigan Watersheds,” Michigan Department of 

Environmental Quality (MDEQ), October 1998. 
 
Assumptions: 
 

1. The design storm is the 25-year, 24-hour storm event, which produces 4.30 inches of rainfall 
(Reference 3).  The culvert configurations will also be evaluated for the 100-year, 24-hour storm 
event, which produces 5.15 inches of rainfall (Reference 3).   
 

2. The estimated peak discharge resulting from the 25-year, 24-hour and 100-year, 24-hour storm 
events is based on newly graded surface conditions (i.e., completed final cover) for conservatism.  
The newly graded surface condition represents the worst case conditions for determining peak 
flow rates and requires the largest culvert capacity.  Although the Willow Boulevard/A-Site Landfill 
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final cover areas will become vegetated over time, the assumption for evaluating culvert capacity 
requirements based on newly graded surface conditions is considered to be conservative as it 
accounts for the design storm event occurring prior to the establishment of vegetation.  Once 
vegetation is established, peak flow rates will decrease and therefore the culverts will be 
oversized for the long term vegetated condition. 
 

3. Each culvert configuration is deemed acceptable if the culvert pipes can convey the 100-year, 24-
hour estimated peak discharge without causing a headwater condition which exceeds the crest 
depth of the up-gradient drainage feature for which the culverts are installed. 

 
4. Runoff curve numbers are determined from Reference 3.  The runoff curve numbers are 

composite values, based on hydrologic soil group B and the following surface types: 
 

• Newly Graded Condition: newly graded areas, CN = 86 (final cover areas) 
• Impervious Areas:  gravel, CN = 85 (access road areas) 

 
5. The time of concentration for the tributary watershed areas are calculated using Reference 4.  The 

velocities calculated for the channel flow segment of the time of concentration are based on bank 
full flow conditions.  Reference 4 is also used to calculate the outlet velocities for each culvert 
based on the based on the estimated peak discharge and the cross sectional area of the culvert.  
The culvert outlet velocities calculated using Reference 6 are provided in Tables 2 below. 
 

6. The flow capacities of the culverts are calculated using Reference 4.  Reference 4 accounts for 
both friction losses along the length of the culvert pipe and energy losses at the culvert entrance 
and exit. 
 

7. The culvert pipes are corrugated high density polyethylene having a Manning “n” of 0.020 based 
on Reference 5.  The inlet and outlet of each culvert pipe are fitted with flared end sections or are 
mitered to conform to the slope of the headwalls to reduce entrance and exit energy losses. 

 
8. The minimum invert gradient of all culvert pipes is 1.0%. 

 
9. Based on Reference 1, the Willow Boulevard and A-Site Landfill perimeter ditches leading to the 

culverts have a depth of 3 feet (36 inches).  Allowing for 12 inches of cover above the culvert 
pipe, the maximum pipe diameter of any culvert is 24 inches.   

 
Calculations: 
 
1. Estimated Peak Discharges to the Culverts 

 
The Willow Boulevard/A-Site Landfill perimeter ditch design requires the construction of five culverts in 
order to convey stormwater flows within the perimeter ditches to appropriate, down gradient drainage 
features.  These culverts are identified as CV-1 through CV-5 on Reference 1.  Four culverts (CV-1 
through CV-4) convey runoff from the Willow Boulevard/A-Site Landfill perimeter ditch to the Kalamazoo 
River.  The fifth culvert (CV-5) conveys runoff from the Willow Boulevard/A-Site Landfill perimeter ditch to 
Davis Creek. The tributary watershed for each culvert is depicted on the Watershed Area Map included 
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as an attachment to this calculation.   
 
The time of concentration for each watershed area is calculated based on newly graded surface 
conditions for the Willow Boulevard/A-Site Landfill final cover areas. 
 
Table 1 summarizes the watershed parameters and estimated peak discharges resulting from the 25 and 
100-year, 24-hour storm events during newly graded surface conditions. 
 

Table 1 
Watershed Characteristics 

Culvert 
ID 

Watershed Area 
[acres] 

Composite 
Curve Number 

Time of 
Concentration 

[hr] 

25-yr, 24-hr 
Estimated Peak 
Discharge [cfs] 

100-yr, 24-hr 
Estimated Peak 
Discharge [cfs] 

CV-1 4.64 86 0.05 25.1 31.6 

CV-2 4.04 86 0.04 22.4 28.2 

CV-3 1.64 86 0.06 8.8 11.1 

CV-4 1.33 86 0.05 7.3 9.2 

CV-5 2.06 86 0.04 11.5 14.5 
 
Supporting output from Reference 4, which was used in determining the values presented in Table 1, is 
included as an attachment to this calculation. 
 
2. Culvert Configurations 
 
The 100-year, 24-hour estimated peak discharges presented in Table 1 are used to determine the culvert 
configuration at each location.  The culvert configurations (including number and diameter of pipes and 
their invert gradients) and capacities are summarized in Table 2 below. 
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Table 2 
 Culvert Configurations  

Culvert 
ID 

Estimated 
Peak 

Discharge 
[cfs] 

Culvert 
Configuration1 

[number of 
pipes-size] 

Pipe Invert 
Gradient 2 

[%] 

Access 
Road 

Elevation3 
[ft] 

Peak Water 
Surface 

Elevation 
In Ditch4 [ft] 

Estimated 
Freeboard5  

[ft] 

Outlet 
Velocity6 
[ft/sec] 

CV-1 31.6 3-18 inch 1.0 766.8 766.7 0.1 6.0 

CV-2 28.2 3-18 inch 1.0 766.5 766.1 0.4 5.3 

CV-3 11.1 2 - 15 inch 1.0 768.0 767.1 0.9 4.5 

CV-4 9.2 1 - 18 inch 1.0 768.0 767.5 0.5 5.2 

CV-5 14.5 2 - 18inch 1.0 771.1 769.9 1.2 
 

4.4 
 

Notes:  
1. The culvert configuration is determined using Reference 4. 
2. The pipe invert gradient is based on Assumption 8. 
3. The access road elevation is based on Reference 1 and represents the elevation of the access road at the culvert inlet. 
4. The peak water elevation in the ditch is calculated using Reference  4. 
5. The estimated freeboard at the pipe inlet represents the difference between the access road elevation and the peak water 

surface elevation in the perimeter ditch.  
6. Outlet velocity is calculated using Reference 4. 
 

Supporting output from Reference 4 is included as attachments to this calculation.  
 
Summary: 
 
As indicated in Table 2 above, each culvert configuration provides sufficient hydraulic capacity to convey 
the estimated flowrate from the 100-year, 24-hour storm.  It should be noted that alternate configurations 
exist for all of the above culverts.  Multiple pipes of smaller diameters may be used in place of the pipe 
configurations presented in Table 2, however the alternate pipe configuration must be able to adequately 
convey the estimated design peak discharge. 
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Summary for Subcatchment 1S: CV-1

Runoff = 25.08 cfs @ 11.94 hrs,  Volume= 1.090 af,  Depth> 2.82"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-YR  Rainfall=4.30"

Area (ac) CN Description
3.860 86 Newly graded area, HSG B
0.780 85 Gravel roads, HSG B
4.640 86 Weighted Average
4.640 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.3 115 0.0300 1.50 Sheet Flow, 1
Smooth surfaces   n= 0.011   P2= 2.60"

0.4 35 0.0700 1.66 Sheet Flow, 2
Smooth surfaces   n= 0.011   P2= 2.60"

1.0 155 0.0700 2.65 Shallow Concentrated Flow, 3
Nearly Bare & Untilled   Kv= 10.0 fps

0.4 186 0.0300 7.41 278.52 Channel Flow, 4
Area= 37.6 sf  Perim= 23.9'  r= 1.57'  n= 0.047

3.1 491 Total

Summary for Subcatchment 2S: CV-2

Runoff = 22.35 cfs @ 11.93 hrs,  Volume= 0.949 af,  Depth> 2.82"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-YR  Rainfall=4.30"

Area (ac) CN Description
0.770 85 Gravel roads, HSG B
3.270 86 Newly graded area, HSG B
4.040 86 Weighted Average
4.040 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.4 75 0.2500 3.21 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.60"

2.0 902 0.0300 7.41 278.52 Channel Flow, 
Area= 37.6 sf  Perim= 23.9'  r= 1.57'  n= 0.047

2.4 977 Total
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Summary for Subcatchment 3S: CV-3

Runoff = 8.77 cfs @ 11.94 hrs,  Volume= 0.385 af,  Depth> 2.82"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-YR  Rainfall=4.30"

Area (ac) CN Description
0.310 85 Gravel roads, HSG B
1.330 86 Newly graded area, HSG B
1.640 86 Weighted Average
1.640 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.5 111 0.2500 3.48 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.60"

2.9 638 0.0075 3.70 139.26 Channel Flow, 
Area= 37.6 sf  Perim= 23.9'  r= 1.57'  n= 0.047

3.4 749 Total

Summary for Subcatchment 4S: CV-4

Runoff = 7.28 cfs @ 11.93 hrs,  Volume= 0.312 af,  Depth> 2.82"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-YR  Rainfall=4.30"

Area (ac) CN Description
0.270 85 Gravel roads, HSG B
1.060 86 Newly graded area, HSG B
1.330 86 Weighted Average
1.330 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.5 94 0.2500 3.36 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.60"

2.2 497 0.0075 3.70 139.26 Channel Flow, 
Area= 37.6 sf  Perim= 23.9'  r= 1.57'  n= 0.047

2.7 591 Total

Summary for Subcatchment 5S: CV-5

Runoff = 11.47 cfs @ 11.93 hrs,  Volume= 0.484 af,  Depth> 2.82"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-YR  Rainfall=4.30"
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Area (ac) CN Description
0.440 85 Gravel roads, HSG B
1.620 86 Newly graded area, HSG B
2.060 86 Weighted Average
2.060 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.4 75 0.2500 3.21 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.60"

1.8 797 0.0300 7.41 278.52 Channel Flow, 
Area= 37.6 sf  Perim= 23.9'  r= 1.57'  n= 0.047

2.2 872 Total
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Summary for Subcatchment 1S: CV-1

Runoff = 31.61 cfs @ 11.94 hrs,  Volume= 1.394 af,  Depth> 3.60"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Type II 24-hr 100-YR  Rainfall=5.15"

Area (ac) CN Description
3.860 86 Newly graded area, HSG B
0.780 85 Gravel roads, HSG B
4.640 86 Weighted Average
4.640 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.3 115 0.0300 1.50 Sheet Flow, 1
Smooth surfaces   n= 0.011   P2= 2.60"

0.4 35 0.0700 1.66 Sheet Flow, 2
Smooth surfaces   n= 0.011   P2= 2.60"

1.0 155 0.0700 2.65 Shallow Concentrated Flow, 3
Nearly Bare & Untilled   Kv= 10.0 fps

0.4 186 0.0300 7.41 278.52 Channel Flow, 4
Area= 37.6 sf  Perim= 23.9'  r= 1.57'  n= 0.047

3.1 491 Total

Summary for Subcatchment 2S: CV-2

Runoff = 28.16 cfs @ 11.93 hrs,  Volume= 1.214 af,  Depth> 3.61"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Type II 24-hr 100-YR  Rainfall=5.15"

Area (ac) CN Description
0.770 85 Gravel roads, HSG B
3.270 86 Newly graded area, HSG B
4.040 86 Weighted Average
4.040 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.4 75 0.2500 3.21 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.60"

2.0 902 0.0300 7.41 278.52 Channel Flow, 
Area= 37.6 sf  Perim= 23.9'  r= 1.57'  n= 0.047

2.4 977 Total
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Summary for Subcatchment 3S: CV-3

Runoff = 11.06 cfs @ 11.94 hrs,  Volume= 0.493 af,  Depth> 3.60"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Type II 24-hr 100-YR  Rainfall=5.15"

Area (ac) CN Description
0.310 85 Gravel roads, HSG B
1.330 86 Newly graded area, HSG B
1.640 86 Weighted Average
1.640 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.5 111 0.2500 3.48 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.60"

2.9 638 0.0075 3.70 139.26 Channel Flow, 
Area= 37.6 sf  Perim= 23.9'  r= 1.57'  n= 0.047

3.4 749 Total

Summary for Subcatchment 4S: CV-4

Runoff = 9.18 cfs @ 11.93 hrs,  Volume= 0.400 af,  Depth> 3.61"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Type II 24-hr 100-YR  Rainfall=5.15"

Area (ac) CN Description
0.270 85 Gravel roads, HSG B
1.060 86 Newly graded area, HSG B
1.330 86 Weighted Average
1.330 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.5 94 0.2500 3.36 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.60"

2.2 497 0.0075 3.70 139.26 Channel Flow, 
Area= 37.6 sf  Perim= 23.9'  r= 1.57'  n= 0.047

2.7 591 Total

Summary for Subcatchment 5S: CV-5

Runoff = 14.45 cfs @ 11.93 hrs,  Volume= 0.619 af,  Depth> 3.61"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Type II 24-hr 100-YR  Rainfall=5.15"
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Area (ac) CN Description
0.440 85 Gravel roads, HSG B
1.620 86 Newly graded area, HSG B
2.060 86 Weighted Average
2.060 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.4 75 0.2500 3.21 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.60"

1.8 797 0.0300 7.41 278.52 Channel Flow, 
Area= 37.6 sf  Perim= 23.9'  r= 1.57'  n= 0.047

2.2 872 Total
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Summary for Pond 1P: CV-1

Inflow Area = 4.640 ac, 0.00% Impervious,  Inflow Depth > 3.60"    for  100-YR event
Inflow = 31.61 cfs @ 11.94 hrs,  Volume= 1.394 af
Outflow = 31.61 cfs @ 11.94 hrs,  Volume= 1.394 af,  Atten= 0%,  Lag= 0.0 min
Primary = 31.61 cfs @ 11.94 hrs,  Volume= 1.394 af

Routing by Stor-Ind method, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 766.67' @ 11.94 hrs
Flood Elev= 766.77'

Device Routing     Invert Outlet Devices
#1 Primary 763.77' 18.0"  x 41.7' long Culvert X 3.00   

CPP, end-section conforming to fill,  Ke= 0.500   
Outlet Invert= 763.35'   S= 0.0101 '/'   Cc= 0.900   
n= 0.020  Corrugated PE, corrugated interior   

Primary OutFlow  Max=31.50 cfs @ 11.94 hrs  HW=766.66'   (Free Discharge)
1=Culvert  (Barrel Controls 31.50 cfs @ 5.94 fps)

Summary for Pond 2P: CV-2

Inflow Area = 4.040 ac, 0.00% Impervious,  Inflow Depth > 3.61"    for  100-YR event
Inflow = 28.16 cfs @ 11.93 hrs,  Volume= 1.214 af
Outflow = 28.16 cfs @ 11.93 hrs,  Volume= 1.214 af,  Atten= 0%,  Lag= 0.0 min
Primary = 28.16 cfs @ 11.93 hrs,  Volume= 1.214 af

Routing by Stor-Ind method, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 766.06' @ 11.93 hrs
Flood Elev= 766.54'

Device Routing     Invert Outlet Devices
#1 Primary 763.54' 18.0"  x 40.0' long Culvert X 3.00   

CPP, end-section conforming to fill,  Ke= 0.500   
Outlet Invert= 763.14'   S= 0.0100 '/'   Cc= 0.900   
n= 0.020  Corrugated PE, corrugated interior   

Primary OutFlow  Max=28.10 cfs @ 11.93 hrs  HW=766.05'   (Free Discharge)
1=Culvert  (Barrel Controls 28.10 cfs @ 5.30 fps)

Summary for Pond 3P: CV-3

Inflow Area = 1.640 ac, 0.00% Impervious,  Inflow Depth > 3.60"    for  100-YR event
Inflow = 11.06 cfs @ 11.94 hrs,  Volume= 0.493 af
Outflow = 11.06 cfs @ 11.94 hrs,  Volume= 0.493 af,  Atten= 0%,  Lag= 0.0 min
Primary = 11.06 cfs @ 11.94 hrs,  Volume= 0.493 af

Routing by Stor-Ind method, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 767.07' @ 11.94 hrs
Flood Elev= 768.00'
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Device Routing     Invert Outlet Devices
#1 Primary 765.00' 15.0"  x 46.4' long Culvert X 2.00   

CPP, end-section conforming to fill,  Ke= 0.500   
Outlet Invert= 764.54'   S= 0.0099 '/'   Cc= 0.900   
n= 0.020  Corrugated PE, corrugated interior   

Primary OutFlow  Max=11.06 cfs @ 11.94 hrs  HW=767.07'   (Free Discharge)
1=Culvert  (Barrel Controls 11.06 cfs @ 4.50 fps)

Summary for Pond 4P: CV-4

Inflow Area = 1.330 ac, 0.00% Impervious,  Inflow Depth > 3.61"    for  100-YR event
Inflow = 9.18 cfs @ 11.93 hrs,  Volume= 0.400 af
Outflow = 9.18 cfs @ 11.93 hrs,  Volume= 0.400 af,  Atten= 0%,  Lag= 0.0 min
Primary = 9.18 cfs @ 11.93 hrs,  Volume= 0.400 af

Routing by Stor-Ind method, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 767.51' @ 11.93 hrs
Flood Elev= 768.00'

Device Routing     Invert Outlet Devices
#1 Primary 765.00' 18.0"  x 46.4' long Culvert   

CPP, end-section conforming to fill,  Ke= 0.500   
Outlet Invert= 764.54'   S= 0.0099 '/'   Cc= 0.900   
n= 0.020  Corrugated PE, corrugated interior   

Primary OutFlow  Max=9.15 cfs @ 11.93 hrs  HW=767.50'   (Free Discharge)
1=Culvert  (Barrel Controls 9.15 cfs @ 5.18 fps)

Summary for Pond 5P: CV-5

Inflow Area = 2.060 ac, 0.00% Impervious,  Inflow Depth > 3.61"    for  100-YR event
Inflow = 14.45 cfs @ 11.93 hrs,  Volume= 0.619 af
Outflow = 14.45 cfs @ 11.93 hrs,  Volume= 0.619 af,  Atten= 0%,  Lag= 0.0 min
Primary = 14.45 cfs @ 11.93 hrs,  Volume= 0.619 af

Routing by Stor-Ind method, Time Span= 5.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 769.89' @ 11.93 hrs
Flood Elev= 771.12'

Device Routing     Invert Outlet Devices
#1 Primary 768.13' 18.0"  x 40.2' long Culvert X 2.00   

CPP, end-section conforming to fill,  Ke= 0.500   
Outlet Invert= 767.72'   S= 0.0102 '/'   Cc= 0.900   
n= 0.020  Corrugated PE, corrugated interior   

Primary OutFlow  Max=14.38 cfs @ 11.93 hrs  HW=769.89'   (Free Discharge)
1=Culvert  (Barrel Controls 14.38 cfs @ 4.37 fps)
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Appendix F

Final Cover Design Calculations



Appendix F-1 

 

Final Cover System Efficiency 
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DRAFT
Calculation Sheet 

Imagine the result 

Client: Georgia-Pacific LLC Project: B0064581/B0064582 

Prepared by: RLP Date:  March 2011 
Title: Willow Boulevard/A-Site Landfill Operable Unit 2 
Reviewed By: CAA Date:  March 2011 

Checked By: PHB Date:  March 2011 
Subject: Final Cover System Efficiency 

 
Objective: 
 
Determine the efficiency of the final cover system of Willow Boulevard/A-Site Landfill.  A hydrologic 
evaluation was performed to determine the water balance conditions necessary to compute the efficiency 
of the final cover system.  The water balance results provide estimates of the average daily rates of 
percolation, evapotranspiration, and runoff for the final cover system. 
 
References: 
 
1. Visual Hydrologic Evaluation of Land Performance (HELP) v2.2.0.1 (Windows-based 

implementation of HELP Model v. 3), Waterloo Hydrogeologic, Inc. 
 

2. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 13 titled “Final Cover Sections and 
Details,” ARCADIS, March 2011. 
 

3. Willow Boulevard Site/A-Site Landfill Operable Unit 2 Drawing No. 5 titled “Final Grading and 
Stormwater Management Plan”, ARCADIS, March 2011. 

 
4. Technical Release 55 – Urban Hydrology for Small Watersheds, p. 2-5, Soil Conservation 

Service, June 1986 (attached). 
 

Methodology:  
 
The final cover system efficiency is determined using The Hydrologic Evaluation of Landfill Performance 
(HELP) Model Version 3 (Reference 1).  The HELP Model is a quasi-two-dimensional hydrologic model 
that simulates the movement of water across, through, and into landfill structures.  The HELP Model 
incorporates climatological, soil, and design data, combined with parameters for surface storage, 
snowmelt, runoff, infiltration, evapotranspiration, vegetative growth, soil moisture, and lateral and vertical 
drainage, to calculate a water balance.   
 
Four types of layers can be modeled using HELP Model: vertical percolation, lateral drainage, barrier soil, 
and flexible membrane liner (FML).  General characteristics of each layer are as described below: 
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• Vertical Percolation Layer - a layer of moderate to high-permeability material where flow is 
vertical and induced by gravity.  Waste layers, protection layers, and layers designed to support 
vegetation are typically designated as vertical percolation layers. 
 

• Lateral Drainage Layer - a lateral flow layer directly overlying a low-permeability liner layer 
designed to promote drainage laterally to a collection and removal system.  A lateral drainage 
layer may only be underlain by another lateral drainage layer or a low-permeability liner. 
 

• Barrier Soil Liner - a layer of material designed to restrict vertical drainage due to the low 
saturated hydraulic conductivity of the soils comprising the layer.  Flow in barrier soil liners is 
vertical. 
 

• FML - a low-permeability synthetic membrane which reduces percolation to locations where 
manufacturing or installation defects are present (e.g., punctures, tears, or faulty seaming) 
(Schroeder, et al., 1994). 
 

HELP Model is used to calculate the following average annual quantities, over a user-specified time 
period. 
 

• precipitation;  

• runoff; 

• evapotranspiration;  

• lateral drainage collected in the geosynthetic drainage composite (GDC); and   

• percolation/leakage through the FML. 

 
The final cover system efficiency is calculated as the difference between the average annual precipitation 
and average annual percolation through the FML, divided by the average annual precipitation.  For 
conservatism, the final cover configuration (i.e., longest, flattest, undrained slope segment), which results 
in the greatest head condition above the FML, is analyzed to determine the final cover efficiency.    
 

Calculations: 
 
The HELP Model was utilized to calculate the average annual percolation through the final cover system 
(Reference 2).  The model for the final cover system includes five layers. 
 

• 6-inch vegetative soil layer; 

• 24-inch soil drainage and protection layer;  

• GDC drainage layer;  

• 40-mil FML; and  

• 12-inch sand gas venting layer.   
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Parameters pertaining to the physical properties of each layer, including hydraulic conductivity, porosity, 
field capacity, and initial water content, were selected from the default values within the HELP Model. The 
configuration (from top to bottom) used for modeling hydrologic conditions in the final cover system is as 
follows. 
 
Layer 1: 6-inch vegetative soil layer (vertical percolation layer), using HELP Model default value for soil 

texture #8, which is an ML soil under the United Soil Classification System (USCS). 
 
Layer 2: 24-inch soil protection layer (vertical percolation layer), using HELP Model default value for soil 

texture #4, which is a SM soil under the USCS. 
 
Layer 3: GDC drainage layer (lateral drainage layer), using HELP Model default values for material 

texture #34, which is representative of a GDC. 
 
Layer 4: FML (barrier layer), using HELP Model default value for soil texture #36, which is representative 

of a 40-mil FML. 
 
Layer 5: 12-inch sand gas venting layer (vertical percolation layer), using HELP Model default value for 

soil texture #4, which is a SM soil under the USCS. 
 
The following design parameters were used in HELP Model analysis: 
 

• The runoff curve number is 69 and is based on a Hydrologic Soil Group B for open space, fair 
vegetation condition (Reference 4).  

 
• The fraction of area allowing runoff was set to 100 percent, as the final cover system construction 

was assumed to be complete for the hydrologic analysis. 
 
• The maximum leaf area index was set at 3.5 (approximately the middle of the range for a good 

stand of grass based on guidance values presented in the User’s Guide for HELP Model v.3).  
 
• An evaporative zone depth of 12 inches was used (assumed to be the full 6-inch vegetative soil 

layer and 6-inches of the soil protection layer - which is within the range of guidance values for 
sands as presented in the User’s Guide for HELP Model v.3). 

 
• The initial moisture contents for the various soil layers are calculated by Reference 1 under nearly 

steady-state conditions (i.e., they are not user-specified moisture contents).  
 

• The flattest maximum drainage length to a collection pipe is 305 feet and is located on the Willow 
Boulevard Landfill (Reference 3).  The drainage path consists of compound slope having an 
upper segment on the plateau of approximately 115 feet at 3% and a lower segment of 
approximately 190 feet at 7%. For conservatism, a 3% slope was assumed for the entire length of 
the drainage path.   
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• The pinhole density, installations defects and placement quality of the FML is based on 
suggested values presented in the User’s Guide for HELP model v.3.  
 

• The weather data (i.e., precipitation, evapotranspiration, temperature, and solar radiation) used in 
the hydrologic analysis is based on HELP Model information for Grand Rapids, MI.   
 

• The hydrologic analysis is based on a 30 year simulation period. 
 

Summary: 
A summary of the modeling results for a one-acre area of the final cover system is presented in Table 1.  
Output from the HELP Model is presented at the end of this appendix. 
 
Table 1 shows the various hydrologic conditions determined for the final cover system as well as the 
resulting efficiency.  The results indicate that approximately 16.9 percent of the average annual 
precipitation drains off the final cover system as runoff, approximately 57.5 percent of the average annual 
precipitation evapotranspires, approximately 25.6 percent of the average annual precipitation percolates 
through the soil protection layer and is collected by the GDC drainage layer, and less than 0.1 percent of 
the average annual precipitation percolated through the FML.  The efficiency of the final cover system is 
therefore greater than 99.9 percent, indicating the final cover system effectively inhibits the percolation of 
precipitation. 
 

 

Table 1 
HELP Model Results Summary 

Average 
Annual 

Precipitation 
(in/yr/ac) 

Average 
Annual 
Runoff 

(in/yr/ac) 

Average Annual 
Evapotranspiration 

(in/yr/ac) 

Average Annual 
Drainage 

Collected in the 
Drainage Layer 

(in/yr/ac) 

Average 
Annual 

Percolation 
Through FML 

(in/yr/ac) 

Final Cover 
System 

Efficiency 

33.15 5.60 19.08 8.50 0.002 >99.9% 



 

 

Slope Length Figure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

 

HELP Model Output 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



G:\TMProj\645\64581\A-Site_Willow Blvd Remedial Design\Engineering Design Report\Appendix F - Final Cover\F-1_Final Cover System 
Efficiency\HELP Output_3%.doc 

 

 ****************************************************************************** 
 ****************************************************************************** 
 **                                                                          ** 
 **                                                                          ** 
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 
 **                HELP MODEL VERSION 3.07 (1 November 1997)                 ** 
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 
 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 
 **                                                                          ** 
 **                                                                          ** 
 ****************************************************************************** 
 ****************************************************************************** 
 
 
 
 PRECIPITATION DATA FILE:    C:\WHI\UNSAT22\data\P1590.VHP\_weather1.dat                   
 TEMPERATURE DATA FILE:      C:\WHI\UNSAT22\data\P1590.VHP\_weather2.dat                   
 SOLAR RADIATION DATA FILE:  C:\WHI\UNSAT22\data\P1590.VHP\_weather3.dat                   
 EVAPOTRANSPIRATION DATA:    C:\WHI\UNSAT22\data\P1590.VHP\_weather4.dat                   
 SOIL AND DESIGN DATA FILE:  C:\WHI\UNSAT22\data\P1590.VHP\I_390009.inp                    
 OUTPUT DATA FILE:           C:\WHI\UNSAT22\data\P1590.VHP\O_390009.prt                    
 
 
 
 TIME:  16:18     DATE:   2/23/2011 
 
 
 
 
 ****************************************************************************** 
 
      TITLE:  WB/A-Site OU2 Final Cover – 3% Slope                                    
 
 ****************************************************************************** 
 
 
 
      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 
 
 
 
                                    LAYER  1 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   8 
            THICKNESS                   =     15.24   CM 
            POROSITY                    =      0.4630 VOL/VOL 
            FIELD CAPACITY              =      0.2320 VOL/VOL 
            WILTING POINT               =      0.1160 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.4312 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.370000000000E-03 CM/SEC 
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          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  4.63 
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 
 
 
 
 
                                    LAYER  2 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   4 
            THICKNESS                   =     60.96   CM 
            POROSITY                    =      0.4370 VOL/VOL 
            FIELD CAPACITY              =      0.1050 VOL/VOL 
            WILTING POINT               =      0.0470 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.1966 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.100000000000E-02 CM/SEC 
 
 
 
 
                                    LAYER  3 
                                    -------- 
 
                        TYPE 2 - LATERAL DRAINAGE LAYER 
                          MATERIAL TEXTURE NUMBER  34 
            THICKNESS                   =      0.60   CM 
            POROSITY                    =      0.8500 VOL/VOL 
            FIELD CAPACITY              =      0.0100 VOL/VOL 
            WILTING POINT               =      0.0050 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0142 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =   33.0000000000     CM/SEC 
            SLOPE                       =      3.00   PERCENT 
            DRAINAGE LENGTH             =     93.0    METERS 
 
 
 
 
                                    LAYER  4 
                                    -------- 
 
                        TYPE 4 - FLEXIBLE MEMBRANE LINER 
                          MATERIAL TEXTURE NUMBER  36 
            THICKNESS                   =      0.10   CM 
            POROSITY                    =      0.0000 VOL/VOL 
            FIELD CAPACITY              =      0.0000 VOL/VOL 
            WILTING POINT               =      0.0000 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.400000000000E-12 CM/SEC 
            FML PINHOLE DENSITY         =      2.47   HOLES/HECTARE 
            FML INSTALLATION DEFECTS    =      4.94   HOLES/HECTARE 
            FML PLACEMENT QUALITY       =  3 - GOOD      
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                                    LAYER  5 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   4 
            THICKNESS                   =     30.48   CM 
            POROSITY                    =      0.4370 VOL/VOL 
            FIELD CAPACITY              =      0.1050 VOL/VOL 
            WILTING POINT               =      0.0470 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.1045 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.100000000000E-02 CM/SEC 
 
 
 
 
 
                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
                    ---------------------------------------- 
 
          NOTE:  SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED. 
 
         SCS RUNOFF CURVE NUMBER             =     69.00 
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 
         AREA PROJECTED ON HORIZONTAL PLANE  =      0.4047 HECTARES 
         EVAPORATIVE ZONE DEPTH              =     30.5    CM 
         INITIAL WATER IN EVAPORATIVE ZONE   =      9.864  CM 
         UPPER LIMIT OF EVAPORATIVE STORAGE  =     13.716  CM 
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.484  CM 
         INITIAL SNOW WATER                  =      0.000  CM 
         INITIAL WATER IN LAYER MATERIALS    =     21.750  CM 
         TOTAL INITIAL WATER                 =     21.750  CM 
         TOTAL SUBSURFACE INFLOW             =      0.00   MM/YR 
 
 
 
 
                     EVAPOTRANSPIRATION AND WEATHER DATA  
                     ----------------------------------- 
 
          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
                   Grand Rapids         MI                  
 
              STATION LATITUDE                       =  42.96 DEGREES 
              MAXIMUM LEAF AREA INDEX                =   3.50 
              START OF GROWING SEASON (JULIAN DATE)  =    123 
              END OF GROWING SEASON (JULIAN DATE)    =    283 
              EVAPORATIVE ZONE DEPTH                 =  12.0  INCHES 
              AVERAGE ANNUAL WIND SPEED              =   9.80 MPH 
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  74.00 % 
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  67.00 % 
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  73.00 % 
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  77.00 % 
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          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    Grand Rapids         MI                  
 
                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
        1.91        1.53        2.48        3.56        3.03        3.86 
        3.02        3.45        3.14        2.89        2.93        2.55 
 
 
          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    Grand Rapids         MI                  
 
              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
       22.00       23.70       33.10       46.30       57.50       67.10 
       71.40       69.60       62.10       50.90       38.50       27.30 
 
 
          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    Grand Rapids         MI                  
                     AND STATION LATITUDE  =  42.28 DEGREES 
 
 
 ******************************************************************************* 
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30 
 ------------------------------------------------------------------------------- 
                                      INCHES            CU. FEET       PERCENT 
                                -------------------   -------------   --------- 
  PRECIPITATION                  33.15    (   4.771)     120330.7     100.00 
 
  RUNOFF                          5.602   (  2.4335)      20334.51     16.899 
 
  EVAPOTRANSPIRATION             19.075   (  2.3544)      69241.58     57.543 
 
  LATERAL DRAINAGE COLLECTED      8.49806 (  2.09004)     30847.280   25.63543 
    FROM LAYER  3 
 
  PERCOLATION/LEAKAGE THROUGH     0.00174 (  0.00030)         6.320     0.00525 
    LAYER  4 
 
  AVERAGE HEAD ON TOP             0.001 (    0.000) 
    OF LAYER  4 
 
  PERCOLATION/LEAKAGE THROUGH     0.00513 (  0.00200)        18.616     0.01547 
    LAYER  5 
 
  CHANGE IN WATER STORAGE        -0.031   (  1.3608)       -111.32     -0.093 
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 ******************************************************************************* 
 
 
 ****************************************************************************** 
 
       PEAK DAILY VALUES FOR YEARS    1 THROUGH   30       and their dates (DDDYYYY) 
    ------------------------------------------------------------------------ 
                                                 (INCHES)      (CU. FT.) 
                                                ----------   ------------- 
       PRECIPITATION                              3.16         11470.54998   2250006 
 
       RUNOFF                                     2.676         9713.56071    300004 
 
       DRAINAGE COLLECTED FROM LAYER  3           0.97992       3557.02892   1590030 
 
       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.000096         0.34667   1590030 
 
       AVERAGE HEAD ON TOP OF LAYER  4            0.053 
 
       MAXIMUM HEAD ON TOP OF LAYER  4            0.106 
 
       LOCATION OF MAXIMUM HEAD IN LAYER  3 
             (DISTANCE FROM DRAIN)                1.5 FEET 
 
       PERCOLATION/LEAKAGE THROUGH LAYER  5       0.000033         0.11962   1420001 
 
       SNOW WATER                                 5.58         20265.1911    290023 
 
 
       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4349 
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0815 
 
 
        ***  Maximum heads are computed using McEnroe's equations.  *** 
 
             Reference:  Maximum Saturated Depth over Landfill Liner 
                         by Bruce M. McEnroe, University of Kansas 
                         ASCE Journal of Environmental Engineering 
                         Vol. 119, No. 2, March 1993, pp. 262-270. 
 
 
 ****************************************************************************** 
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DRAFT
Calculation Sheet 

Imagine the result 

Client: Georgia-Pacific LLC Project: B0064581/B0064582 

Prepared by: RLP Date:  March 2011 
Title: Willow Boulevard/A-Site Landfill Operable Unit 2  
Reviewed By: CAA Date:  March 2011 

Checked By: PHB Date:  March 2011 
Subject: Final Cover System Geosynthetic Drainage Composite and Collection Pipe Design 

 
Objective: 
Determine the minimum required transmissivity for the geosynthetic drainage composite (GDC) for the 
Willow Boulevard/A-Site Landfill final cover system.  Determine the maximum undrained length of the final 
cover collection pipe. 
 

References: 
1. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 5 titled “Final Grading and 

Stormwater Management Plan,” ARCADIS, March 2011. 
 
2. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 10 titled “Site Cross Sections,” 

ARCADIS, March 2011. 
 

3. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 13 titled “Final Cover Sections and 
Details,” ARCADIS, March 2011. 

 
4. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 15 titled “Stormwater Management 

Sections and Details,” ARCADIS, March 2011. 
 

5. Advanced Geotech Systems website entitled “landfilldesign.com.” 
 

6. Visual HELP v2.2.0.1 (Windows-based implementation of HELP Model v. 3), Waterloo 
Hydrogeologic, Inc. 

 
7. Technical Release 55 – Urban Hydrology for Small Watersheds, p. 2-5, Soil Conservation 

Service, June 1986 (attached). 
 

8. Appendix D to the Willow Boulevard/A-Site Operable Unit 2 Preliminary Remedial Design Report 
titled “Geotechnical Calculations,” ARCADIS, March 2011. 
 

9. “Hydraulic Design of Geosynthetic and Granular Liquid Collection Layers Comprising Two 
Different Slopes,” Giroud, J.P., Zornberg, J.G., and Beech, J.F., technical paper presented in 
Geosynthetics International – Speech Issue on Liquid Collection Systems, 2000. 
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Assumptions: 
 

1. The minimum required transmissivity is governed by the longest undrained length and flattest final 
cover slope gradient. Based on Reference 1, the governing conditions were determined to extend 
from the peak of the Willow Boulevard Landfill plateau down the northeastern sideslope to the 
final cover perimeter ditch (located along the interior of the landfill access road).  The final cover 
drainage length consists of a compound slope having an upper segment of approximately 115 
feet at 3% and lower segment of approximately 190 feet at 7%.  As shown on References 2 and 
3, the GDC will drain to a collection pipe installed within the final cover system anchor trenches.  
Flow within the final cover collection pipe will drain to various low points along the pipes length 
where it will outlet as surface drainage.  
 

2. The final cover collection pipe is a 6-inch-diameter corrugated high density polyethylene (HDPE) 
pipe (Reference 3).  The slope of the final cover collection pipe is equal to the slope of the 
perimeter ditch (3%) however, the minimum slope of the final cover collection pipe is assumed to 
be 0.5% for conservatism. 

 
3. The minimum required transmissivity is based on Giroud’s equation (presented in Reference 5) 

and the following parameters: 
 

• Maximum allowable head in the GDC is limited to the thickness of the drainage layer (i.e., the 
thickness of the GDC core which is 0.76 cm); 

 
• Impingement rate (i.e., rate at which precipitation infiltrates to the GDC layer) is calculated 

using Reference 6 and the following parameters: 
 

• Maximum leaf area index = 3.5 (approximately the middle of the range for a good 
stand of grass based on guidance values presented in the User’s Guide for HELP 
Model v.3);  
 

• The fraction of area allowing runoff was set to 100 percent, as the final cover system 
construction is assumed to be complete for the hydrologic analysis. 

 
• Evaporative zone depth = 12 inches (assumed to be the full 6-inch vegetative soil 

layer and 6-inches of the soil protection layer - which is within the range of guidance 
values for sands as presented in the User’s Guide for HELP Model v.3); 

 
• The configuration (from top to bottom) used for modeling flow in the final cover 

system is as follows. 
 

Layer 1: 6-inch vegetative soil layer (vertical percolation layer), using HELP Model 
default value for soil texture #8, which is an ML soil under the United Soil 
Classification System (USCS). 
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Layer 2: 24-inch soil protection layer (vertical percolation layer), using HELP Model 
default value for soil texture #4, which is a SM soil under the USCS. 

 
Layer 3: GDC drainage layer (lateral drainage layer), using HELP Model default 

values for material texture #34, which is representative of a GDC. 
 
Layer 4: Flexible Membrane Layer (FML) (barrier layer), using HELP Model default 

value for soil texture #36, which is representative of a 40-mil FML. 
 
Layer 5: 12-inch gas venting layer (vertical percolation layer), using HELP Model 

default value for soil texture #4, which is a SM soil under the USCS. 
 

4. Typical factors of safety used for determining the GDC transmissivity are from Reference 5 (see 
the attached calculations for specific values). 

 
5. When determining the impingement rate, the initial moisture contents for the various soil layers 

are calculated by Reference 6 under nearly steady-state conditions (i.e., they are not user-
specified moisture contents).  

 
6. The runoff curve number is 69 and is based on a Hydrologic Soil Group B for open space, fair 

vegetation condition (Reference 7).  
 

7. For the purposes of calculating the applied loading on the GDC, the vegetative soil layer is 
assumed to have a unit weight of 115 lb/ft3  and the soil protection layer is assumed to have a unit 
weight of 125 lb/ft3  (Reference 8). 

 
CALCULATIONS: 
 
1. Minimum Required Transmissivity 
 
The minimum required transmissivity for the final cover GDC is based on Giroud’s equation:  
 

 
 
 

 
where, 
 

Φ = minimum required transmissivity 
TSF = total serviceability factor (a combination of reduction and overall design safety 

ββ 2cossin
TSF

L
t

LTSFq
LCL

h

+

=Φ
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factors) 
qh  = impingement rate (rate at which water infiltrates through the cover soils into the 

GDC) 
L  = maximum drainage length 
β = slope angle of drainage layer 
tLCL = thickness of geonet core of GDC 
 

Since the composite slope consists of two distinct slope segments (i.e. lengths and slope gradients) 
separate transmissivities are calculated for the 3% and 7% slope conditions (Reference 9). 
 
The required transmissivity for the 3% slope segment is based on the following parameters: 
 

TSF  = 4.72 (see attached required transmissivity calculations for individual factors of 
safety) 

qh  = 0.83 in/day = 2.44 x 10-5 cm/s (calculated using Reference 6 based on 
Assumptions 1, 3, 5 and 6) 

L  = 115 feet (Assumption 1) 
β = 1.72o (3%, Assumption 1)  
tLCL = 0.76 cm (Assumption 3) 

 
∴ Φ = 13.46 cm2/s = 1.35 x 10-3 m2/s = Minimum Required Transmissivity for the 3% slope segment.  
 
The required transmissivity for the 7% slope segment is based on the following parameters: 
 

TSF  = 4.72 (see attached required transmissivity calculations for individual factors of 
safety) 

qh  = 0.94 in/day = 2.76 x 10-5 cm/s (calculated using Reference 6 based on 
Assumptions 1, 3, 5 and 6) 

L  = 190 feet (Assumption 1) 
β = 4.0o (7%, Assumption 1)  
tLCL = 0.76 cm (Assumption 3) 

 
∴ Φ = 10.80 cm2/s = 1.08 x 10-3 m2/s = Minimum Required Transmissivity for the 7% slope segment.  
 
Based on the transmissivity values calculated above for the 3% and 7% slope segments, the worst-case 
(i.e., highest) transmissivity value is 1.35 x 10-3 m2/s (representative of the 3% slope condition).  
 
2. Maximum Applied Load on the GDC 
 
Because the in-place transmissivity of the GDC is partly a function of the applied loading, it is necessary 
to estimate the maximum load that will be applied to the GDC.  Due to its proximity to the top of the final 
cover (2.5 feet below the top of the final cover), the final cover GDC will likely experience about 307.5 
lb/ft2 due to soil weight ([0.5 ft * 115 lb/ft3 (Assumption 7)] + [2.0 ft * 125 lb/ft3 (Assumption 7)] = 307.5 
lb/ft2).  While only a short term condition, the operation of construction equipment over the GDC during 
final cover construction is anticipated to result in another 1,000 lb/ft2 (based on the use of low ground 
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pressure equipment exerting about 7 lb/in2). Combining these two loadings and multiplying by a factor of 
safety of 2.0 yields a design loading of 2,615 lb/ft2. 
 
3. Required Final Cover Collection Pipe Length 
 
The final cover collection pipe consists of a 6-inch diameter corrugated HDPE pipe (Assumption 2), which 
has an inside diameter of 6 inches (0.5 feet).  The pipe-full capacity for the 6-inch diameter pipe is 
determined using the Hazen-Williams equation: 
 

Q = 1.318 A CH R 0.63 S 0.54 
 
 where, 

 
Q = pipe-full flow rate  
A = cross sectional area of pipe flowing full = π (D2/4) 
Ch = Hazen-Williams friction coefficient for corrugated plastic pipe = 100  
R  = hydraulic radius = A/P = D/4P = wetted perimeter of pipe flowing full = πD 
S = longitudinal slope of pipe = 0.5% (Assumption 2) 

 
Thus, 

 
 

 
 
Solving for Q, 
 

Q = 0.4 cfs 
 

The maximum undrained collection pipe length for the final cover collection pipe is determined using 
Darcy’s law, the pipe full capacity of the 6-inch diameter collection pipe (calculated above), the definition 
of transmissivity, and the design transmissivity for the 7% slope segment calculated above.  The design 
transmissivity for the 7% slope segment is used because this gradient is directly upgradient of the 
collection pipe: 
 

Q = kiA 
K = Φ/t 
A = Lt 

( ) ( ) 0.54 0.005*
0.63

4
0.5*100*

4

20.5π*1.318Q ⎟
⎠

⎞
⎜
⎝

⎛
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
=
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Therefore,  
 

Q = L Φ i 
 

Where,  
 

Q = pipe-full flow rate  
L  = length of collection pipe  

 Φ  = design transmissivity of GDC = 10.80 cm2/s = 0.012 ft2/s 
i  = hydraulic gradient of the GDC upgradient of the collection pipe = 7% (Assumption 1) 
 

Thus, 
 

0.4 cfs = (L) (0.012 ft2/s) (0.07) 
 

Solving for L, 
 

L = 476 feet 
 

Based on the pipe-full flow rate of the 6-inch diameter collection pipe (0.4 cfs) and the calculated design 
transmissivity, the maximum undrained collection pipe length is 476 feet.    
 
Summary: 

 
The Willow Boulevard/A-Site Landfill final cover GDC (Assumption 1) must provide the following minimum 
transmissivity: 
 

Φ = 1.35 x 10-3 m2/s with a hydraulic gradient = 0.10 (representative of the 3% and 7% slope 
segments);  

 
The final cover GDC material must provide this transmissivity at a 3% slope gradient under an applied 
loading of approximately 2,615 psf. 
 
Although a GDC with a 275-mil geonet core is assumed for these calculations, any thickness of geonet 
core is acceptable for the final cover GDC assuming it meets or exceeds the above transmissivity with the 
loading and gradient presented above. 
 
Based on the hydraulic analysis presented above, the 6-inch diameter corrugated HDPE collection pipe 
has a maximum undrained length (i.e., maximum length before discharge from the collection pipe is 
required) of 476 feet.  (It is noted that the design provides for collection pipe outlets at a frequency less 
than maximum calculated undrained length.) 
 



 

 

GDC Slope Length 

 

 





 

 

HELP Model Output 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

3% Slope Segment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



G:\TMProj\645\64581\A-Site_Willow Blvd Remedial Design\Engineering Design Report\Appendix F - Final Cover\F-2_Drainage Layer 
Design\HELP Output_3%.doc 

 

****************************************************************************** 
 ****************************************************************************** 
 **                                                                          ** 
 **                                                                          ** 
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 
 **                HELP MODEL VERSION 3.07 (1 November 1997)                 ** 
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 
 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 
 **                                                                          ** 
 **                                                                          ** 
 ****************************************************************************** 
 ****************************************************************************** 
 
 
 
 PRECIPITATION DATA FILE:    C:\WHI\UNSAT22\data\P1590.VHP\_weather1.dat                   
 TEMPERATURE DATA FILE:      C:\WHI\UNSAT22\data\P1590.VHP\_weather2.dat                   
 SOLAR RADIATION DATA FILE:  C:\WHI\UNSAT22\data\P1590.VHP\_weather3.dat                   
 EVAPOTRANSPIRATION DATA:    C:\WHI\UNSAT22\data\P1590.VHP\_weather4.dat                   
 SOIL AND DESIGN DATA FILE:  C:\WHI\UNSAT22\data\P1590.VHP\I_390009.inp                    
 OUTPUT DATA FILE:           C:\WHI\UNSAT22\data\P1590.VHP\O_390009.prt                    
 
 
 
 TIME:  11:38     DATE:   2/25/2011 
 
  
 
 
 ****************************************************************************** 
 
      TITLE:  WB/A-Site OU2 Final Cover – 3% Slope                                    
 
 ****************************************************************************** 
 
 
 
      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 
 
 
 
                                    LAYER  1 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   8 
            THICKNESS                   =     15.24   CM 
            POROSITY                    =      0.4630 VOL/VOL 
            FIELD CAPACITY              =      0.2320 VOL/VOL 
            WILTING POINT               =      0.1160 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.4293 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.370000000000E-03 CM/SEC 
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          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  4.63 
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 
 
 
 
 
                                    LAYER  2 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   4 
            THICKNESS                   =     60.96   CM 
            POROSITY                    =      0.4370 VOL/VOL 
            FIELD CAPACITY              =      0.1050 VOL/VOL 
            WILTING POINT               =      0.0470 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.1967 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.100000000000E-02 CM/SEC 
 
 
 
 
                                    LAYER  3 
                                    -------- 
 
                        TYPE 2 - LATERAL DRAINAGE LAYER 
                          MATERIAL TEXTURE NUMBER  34 
            THICKNESS                   =      0.60   CM 
            POROSITY                    =      0.8500 VOL/VOL 
            FIELD CAPACITY              =      0.0100 VOL/VOL 
            WILTING POINT               =      0.0050 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0116 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =   33.0000000000     CM/SEC 
            SLOPE                       =      3.00   PERCENT 
            DRAINAGE LENGTH             =     35.1    METERS 
 
 
 
 
                                    LAYER  4 
                                    -------- 
 
                        TYPE 4 - FLEXIBLE MEMBRANE LINER 
                          MATERIAL TEXTURE NUMBER  36 
            THICKNESS                   =      0.10   CM 
            POROSITY                    =      0.0000 VOL/VOL 
            FIELD CAPACITY              =      0.0000 VOL/VOL 
            WILTING POINT               =      0.0000 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.400000000000E-12 CM/SEC 
            FML PINHOLE DENSITY         =      2.47   HOLES/HECTARE 
            FML INSTALLATION DEFECTS    =      4.94   HOLES/HECTARE 
            FML PLACEMENT QUALITY       =  3 - GOOD      
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                                    LAYER  5 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   4 
            THICKNESS                   =     30.48   CM 
            POROSITY                    =      0.4370 VOL/VOL 
            FIELD CAPACITY              =      0.1050 VOL/VOL 
            WILTING POINT               =      0.0470 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.1044 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.100000000000E-02 CM/SEC 
 
 
 
 
 
                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
                    ---------------------------------------- 
 
          NOTE:  SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED. 
 
         SCS RUNOFF CURVE NUMBER             =     69.00 
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 
         AREA PROJECTED ON HORIZONTAL PLANE  =      0.4047 HECTARES 
         EVAPORATIVE ZONE DEPTH              =     30.5    CM 
         INITIAL WATER IN EVAPORATIVE ZONE   =      9.834  CM 
         UPPER LIMIT OF EVAPORATIVE STORAGE  =     13.716  CM 
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.484  CM 
         INITIAL SNOW WATER                  =      0.000  CM 
         INITIAL WATER IN LAYER MATERIALS    =     21.721  CM 
         TOTAL INITIAL WATER                 =     21.721  CM 
         TOTAL SUBSURFACE INFLOW             =      0.00   MM/YR 
 
 
 
 
                     EVAPOTRANSPIRATION AND WEATHER DATA  
                     ----------------------------------- 
 
          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
                   Grand Rapids         MI                  
 
              STATION LATITUDE                       =  42.96 DEGREES 
              MAXIMUM LEAF AREA INDEX                =   3.50 
              START OF GROWING SEASON (JULIAN DATE)  =    123 
              END OF GROWING SEASON (JULIAN DATE)    =    283 
              EVAPORATIVE ZONE DEPTH                 =  12.0  INCHES 
              AVERAGE ANNUAL WIND SPEED              =   9.80 MPH 
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  74.00 % 
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  67.00 % 
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  73.00 % 
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  77.00 % 
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          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    Grand Rapids         MI                  
 
                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
        1.91        1.53        2.48        3.56        3.03        3.86 
        3.02        3.45        3.14        2.89        2.93        2.55 
 
          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    Grand Rapids         MI                  
 
              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
       22.00       23.70       33.10       46.30       57.50       67.10 
       71.40       69.60       62.10       50.90       38.50       27.30 
 
 
 
          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    Grand Rapids         MI                  
                     AND STATION LATITUDE  =  42.28 DEGREES 
 
 ******************************************************************************* 
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30 
 ------------------------------------------------------------------------------- 
                                      INCHES            CU. FEET       PERCENT 
                                -------------------   -------------   --------- 
  PRECIPITATION                  33.15    (   4.771)     120330.7     100.00 
 
  RUNOFF                          5.486   (  2.3548)      19913.63     16.549 
 
  EVAPOTRANSPIRATION             18.117   (  2.3415)      65763.75     54.653 
 
  LATERAL DRAINAGE COLLECTED      9.57181 (  2.06697)     34744.917   28.87453 
    FROM LAYER  3 
 
  PERCOLATION/LEAKAGE THROUGH     0.00092 (  0.00014)         3.347     0.00278 
    LAYER  4 
 
  AVERAGE HEAD ON TOP             0.001 (    0.000) 
    OF LAYER  4 
 
  PERCOLATION/LEAKAGE THROUGH     0.00507 (  0.00225)        18.398     0.01529 
    LAYER  5 
 
  CHANGE IN WATER STORAGE        -0.030   (  1.3173)       -110.03     -0.091 
 
 ******************************************************************************* 
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 ****************************************************************************** 
       PEAK DAILY VALUES FOR YEARS    1 THROUGH   30       and their dates (DDDYYYY) 
    ------------------------------------------------------------------------ 
                                                 (INCHES)      (CU. FT.) 
                                                ----------   ------------- 
       PRECIPITATION                              3.16         11470.54998   2250006 
 
       RUNOFF                                     2.665         9672.12026    300004 
 
       DRAINAGE COLLECTED FROM LAYER  3           0.83105       3016.63048   1590030 
 
       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.000040         0.14441   1590030 
 
       AVERAGE HEAD ON TOP OF LAYER  4            0.017 
 
       MAXIMUM HEAD ON TOP OF LAYER  4            0.034 
 
       LOCATION OF MAXIMUM HEAD IN LAYER  3 
             (DISTANCE FROM DRAIN)                0.5 FEET 
 
       PERCOLATION/LEAKAGE THROUGH LAYER  5       0.000033         0.11880    510001 
 
       SNOW WATER                                 5.58         20265.1911    290023 
 
 
       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4261 
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0815 
 
 
        ***  Maximum heads are computed using McEnroe's equations.  *** 
 
             Reference:  Maximum Saturated Depth over Landfill Liner 
                         by Bruce M. McEnroe, University of Kansas 
                         ASCE Journal of Environmental Engineering 
                         Vol. 119, No. 2, March 1993, pp. 262-270. 
 
 
 ****************************************************************************** 
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 ****************************************************************************** 
 ****************************************************************************** 
 **                                                                          ** 
 **                                                                          ** 
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 
 **                HELP MODEL VERSION 3.07 (1 November 1997)                 ** 
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 
 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 
 **                                                                          ** 
 **                                                                          ** 
 ****************************************************************************** 
 ****************************************************************************** 
 
 
 
 PRECIPITATION DATA FILE:    C:\WHI\UNSAT22\data\P1590.VHP\_weather1.dat                   
 TEMPERATURE DATA FILE:      C:\WHI\UNSAT22\data\P1590.VHP\_weather2.dat                   
 SOLAR RADIATION DATA FILE:  C:\WHI\UNSAT22\data\P1590.VHP\_weather3.dat                   
 EVAPOTRANSPIRATION DATA:    C:\WHI\UNSAT22\data\P1590.VHP\_weather4.dat                   
 SOIL AND DESIGN DATA FILE:  C:\WHI\UNSAT22\data\P1590.VHP\I_390009.inp                    
 OUTPUT DATA FILE:           C:\WHI\UNSAT22\data\P1590.VHP\O_390009.prt                    
 
 
 
 TIME:  11:32     DATE:   2/25/2011 
 
 
 
 
 ****************************************************************************** 
 
      TITLE:  WB/A-Site OU2 Final Cover - 7% Slope                                   
 
 ****************************************************************************** 
 
 
 
      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 
 
 
 
                                    LAYER  1 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   8 
            THICKNESS                   =     15.24   CM 
            POROSITY                    =      0.4630 VOL/VOL 
            FIELD CAPACITY              =      0.2320 VOL/VOL 
            WILTING POINT               =      0.1160 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.4367 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.370000000000E-03 CM/SEC 
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          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  4.63 
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 
 
 
 
 
                                    LAYER  2 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   4 
            THICKNESS                   =     60.96   CM 
            POROSITY                    =      0.4370 VOL/VOL 
            FIELD CAPACITY              =      0.1050 VOL/VOL 
            WILTING POINT               =      0.0470 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.1546 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.100000000000E-02 CM/SEC 
 
 
 
 
                                    LAYER  3 
                                    -------- 
 
                        TYPE 2 - LATERAL DRAINAGE LAYER 
                          MATERIAL TEXTURE NUMBER  34 
            THICKNESS                   =      0.60   CM 
            POROSITY                    =      0.8500 VOL/VOL 
            FIELD CAPACITY              =      0.0100 VOL/VOL 
            WILTING POINT               =      0.0050 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0112 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =   33.0000000000     CM/SEC 
            SLOPE                       =      7.00   PERCENT 
            DRAINAGE LENGTH             =     57.9    METERS 
 
 
 
 
                                    LAYER  4 
                                    -------- 
 
                        TYPE 4 - FLEXIBLE MEMBRANE LINER 
                          MATERIAL TEXTURE NUMBER  36 
            THICKNESS                   =      0.10   CM 
            POROSITY                    =      0.0000 VOL/VOL 
            FIELD CAPACITY              =      0.0000 VOL/VOL 
            WILTING POINT               =      0.0000 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.400000000000E-12 CM/SEC 
            FML PINHOLE DENSITY         =      2.47   HOLES/HECTARE 
            FML INSTALLATION DEFECTS    =      4.94   HOLES/HECTARE 
            FML PLACEMENT QUALITY       =  3 - GOOD      
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                                    LAYER  5 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   4 
            THICKNESS                   =     30.48   CM 
            POROSITY                    =      0.4370 VOL/VOL 
            FIELD CAPACITY              =      0.1050 VOL/VOL 
            WILTING POINT               =      0.0470 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.1044 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.100000000000E-02 CM/SEC 
 
 
 
 
 
                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
                    ---------------------------------------- 
 
          NOTE:  SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED. 
 
         SCS RUNOFF CURVE NUMBER             =     69.00 
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 
         AREA PROJECTED ON HORIZONTAL PLANE  =      0.4047 HECTARES 
         EVAPORATIVE ZONE DEPTH              =     30.5    CM 
         INITIAL WATER IN EVAPORATIVE ZONE   =      7.372  CM 
         UPPER LIMIT OF EVAPORATIVE STORAGE  =     13.716  CM 
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.484  CM 
         INITIAL SNOW WATER                  =      0.000  CM 
         INITIAL WATER IN LAYER MATERIALS    =     19.270  CM 
         TOTAL INITIAL WATER                 =     19.270  CM 
         TOTAL SUBSURFACE INFLOW             =      0.00   MM/YR 
 
  
 
 
                     EVAPOTRANSPIRATION AND WEATHER DATA  
                     ----------------------------------- 
 
          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
                   Grand Rapids         MI                  
 
              STATION LATITUDE                       =  42.96 DEGREES 
              MAXIMUM LEAF AREA INDEX                =   3.50 
              START OF GROWING SEASON (JULIAN DATE)  =    123 
              END OF GROWING SEASON (JULIAN DATE)    =    283 
              EVAPORATIVE ZONE DEPTH                 =  12.0  INCHES 
              AVERAGE ANNUAL WIND SPEED              =   9.80 MPH 
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  74.00 % 
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  67.00 % 
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  73.00 % 
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  77.00 % 
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          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    Grand Rapids         MI                  
 
                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
        1.91        1.53        2.48        3.56        3.03        3.86 
        3.02        3.45        3.14        2.89        2.93        2.55 
 
 
          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    Grand Rapids         MI                  
 
              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
       22.00       23.70       33.10       46.30       57.50       67.10 
       71.40       69.60       62.10       50.90       38.50       27.30 
 
 
          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    Grand Rapids         MI                  
                     AND STATION LATITUDE  =  42.28 DEGREES 
 
 ******************************************************************************* 
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30 
 ------------------------------------------------------------------------------- 
                                      INCHES            CU. FEET       PERCENT 
                                -------------------   -------------   --------- 
  PRECIPITATION                  33.15    (   4.771)     120330.7     100.00 
 
  RUNOFF                          5.301   (  2.3154)      19243.71     15.992 
 
  EVAPOTRANSPIRATION             17.513   (  2.3531)      63571.76     52.831 
 
  LATERAL DRAINAGE COLLECTED     10.33250 (  2.03977)     37506.149   31.16924 
    FROM LAYER  3 
 
  PERCOLATION/LEAKAGE THROUGH     0.00075 (  0.00011)         2.739     0.00228 
    LAYER  4 
 
  AVERAGE HEAD ON TOP             0.000 (    0.000) 
    OF LAYER  4 
 
  PERCOLATION/LEAKAGE THROUGH     0.00508 (  0.00229)        18.438     0.01532 
    LAYER  5 
 
  CHANGE IN WATER STORAGE        -0.003   (  1.2634)         -9.39     -0.008 
 
 ******************************************************************************* 
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 ****************************************************************************** 
       PEAK DAILY VALUES FOR YEARS    1 THROUGH   30       and their dates (DDDYYYY) 
    ------------------------------------------------------------------------ 
                                                 (INCHES)      (CU. FT.) 
                                                ----------   ------------- 
       PRECIPITATION                              3.16         11470.54998   2250006 
 
       RUNOFF                                     2.647         9608.10716    300004 
 
       DRAINAGE COLLECTED FROM LAYER  3           0.94341       3424.49226   1590030 
 
       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.000034         0.12358   1590030 
 
       AVERAGE HEAD ON TOP OF LAYER  4            0.014 
 
       MAXIMUM HEAD ON TOP OF LAYER  4            0.027 
 
       LOCATION OF MAXIMUM HEAD IN LAYER  3 
             (DISTANCE FROM DRAIN)                0.0 FEET 
 
       PERCOLATION/LEAKAGE THROUGH LAYER  5       0.000033         0.11924   1100001 
 
       SNOW WATER                                 5.58         20265.1911    290023 
 
 
       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4279 
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0815 
 
 
        ***  Maximum heads are computed using McEnroe's equations.  *** 
 
             Reference:  Maximum Saturated Depth over Landfill Liner 
                         by Bruce M. McEnroe, University of Kansas 
                         ASCE Journal of Environmental Engineering 
                         Vol. 119, No. 2, March 1993, pp. 262-270. 
 
 
 ****************************************************************************** 
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3% Slope Segment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Georgia-Pacific LLC
Kalamazoo, MI

Willow Boulevard Site/A-Site Landfill OU2 

Giroud's Equation for Minimum Required Geocomposite Transmissivity

3.0% Slope
Input

35.1
0.76
0.03

2.4E-05

Factor of Safety Surface Water Leachate Collection Leachate Detection
1.1 1.0-1.2 1.0-1.2 1.0-1.2
1.2 1.1-1.4 1.4-2.0 1.4-2.0
1.1 1.0-1.2 1.5-2.0 1.5-2.0
1.3 1.2-1.5 1.5-2.0 1.5-2.0
2.5 2.0-3.0 2.0-3.0 2.0-3.0

Output
4.72

13.46

Notes:

    based on a 30-year simulation period, which includes more severe weather than the Final Cover System will likely experience during
    the anticipated 1-year period during which it will be uncapped.

1. Impingement rate is equal to the peak daily value for lateral drainage collected by the geocomposite layer as calculated using 
Visual HELP. The amount of lateral drainage (in cm) is converted into a daily average infiltration rate to the geocomposite.

Typical Range for Factor of Safety

Overall FS for Drainage, FSd:

Intrusion Reduction Factor, RFin

Creep Reduction Factor, RFcr:
Chemical Clogging Reduction Factor, RFcc:

Required Transmissivity [cm2/s]:

Total Serviceability Factor2

2. Total serviceability factor is based on typical factors of safety for surface water (i.e., cap drainage) applications because the impingement rate is 

Drainage Length [m]:
Drainage Layer Thickness [cm]:
Slope of Drainage Layer:
Impingement Rate, qh, [cm/s]1:

Biological Clogging Reduction Factor, RFbc:

3%
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7% Slope Segment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Georgia-Pacific LLC
Kalamazoo, MI

Willow Boulevard Site/A-Site Landfill OU2 

Giroud's Equation for Minimum Required Geocomposite Transmissivity

7.0% Slope
Input

57.9
0.76
0.07

2.8E-05

Factor of Safety Surface Water Leachate Collection Leachate Detection
1.1 1.0-1.2 1.0-1.2 1.0-1.2
1.2 1.1-1.4 1.4-2.0 1.4-2.0
1.1 1.0-1.2 1.5-2.0 1.5-2.0
1.3 1.2-1.5 1.5-2.0 1.5-2.0
2.5 2.0-3.0 2.0-3.0 2.0-3.0

Output
4.72

10.80

Notes:

Drainage Length [m]:
Drainage Layer Thickness [cm]:
Slope of Drainage Layer:
Impingement Rate, qh, [cm/s]1:

Typical Range for Factor of Safety

Intrusion Reduction Factor, RFin

Creep Reduction Factor, RFcr:
Chemical Clogging Reduction Factor, RFcc:
Biological Clogging Reduction Factor, RFbc:
Overall FS for Drainage, FSd:

Total Serviceability Factor2

Required Transmissivity [cm2/s]:

1. Impingement rate is equal to the peak daily value for lateral drainage collected by the geocomposite layer as calculated using 
Visual HELP. The amount of lateral drainage (in cm) is converted into a daily average infiltration rate to the geocomposite.

2. Total serviceability factor is based on typical factors of safety for surface water (i.e., cap drainage) applications because the impingement rate is 
    based on a 30-year simulation period, which includes more severe weather than the Final Cover System will likely experience during
    the anticipated 1-year period during which it will be uncapped.

7%
G:\TMProj\645\64581\A-Site_Willow Blvd Remedial Design\Engineering Design Report\Appendix F - Final Cover\F-2_Drainage Layer Design\Geocomposite Transmissivity



 

 

References 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Technical Release 55 – Urban 
Hydrology for Small Watersheds, 
p. 2-5 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Engineer-In-Training Reference 
Manual, p. A-47 

 

 

 

 

 

 

 

 

 

 

 

 

 





Appendix G

Soil Loss/Stability Calculations



Appendix G-1 

Soil Loss (RUSLE Evaluation) 
Calculation 
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Calculation Sheet 

Imagine the result 

Client: Georgia-Pacific LLC Project: B0064581/ B0064582 

Prepared by: RLP/NWF Date:    March 2011

Title: Willow Boulevard/A-Site Landfill Operable Unit 2 

Reviewed By: CAA Date:   March 2011 

Checked By:  PHB Date:   March 2011

Subject: Soil Loss (RUSLE Evaluation) Calculation 

Objective:
Demonstrate using the Universal Soil Loss Equation (USLE) that the final cover slope conditions 
associated with the Willow Boulevard Site/A-Site Landfills have an annual soil loss rate of less than or 
equal to 2 tons/acre/year, based on Reference 2. 

References:

1. Willow Boulevard Site/A-Site Landfill Operable Unit 2 Drawing No. 5 titled “Final Grading and 
Stormwater Management Plan,” ARCADIS, March 2011. 

2. “Waste Management Division Final Cover Erosion Control Design Guidance”, Department of 
Environmental Quality, October 1995 (attached). 

Assumptions:
1. Annual soil loss is calculated based on a worst-case (i.e., longest and steepest) final cover 

slope condition and is therefore conservative.  Based on Reference 1, the worst-case final 
cover slope condition begins at the outside edge of the mid-slope swale on the northwest 
sideslope of the A-Site Landfill final cover and extends north to the perimeter ditch. The slope 
length is approximately 134 feet at a 4:1 (H:V) gradient (i.e., 25% slope).  A figure showing the 
worst-case final cover slope condition is included as an attachment to this calculation. 

2. The Length/Slope Factor (LS) is a rough measure of the available potential energy for runoff 
and is based on Reference 2. 

3. The surface soil for the Willow Boulevard/A-Site Landfill final cover system is assumed to be 
topsoil-like material consisting of sandy loam and an organic content of 2%.   Based on 
Reference 2, the approximate soil erodibility factor (K) is 0.24.   

4. The Cover Management Factor (C) is determined from Reference 2, based on 95% to 100% 
ground cover.  

5. No crop support practices are considered (i.e., Crop Support Practice Factor [P] equals 1).  
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Calculation Sheet 

Imagine the result 

Methodology:

1. Use Reference 1 to identify the worst-case (i.e., longest and steepest) final cover slope 
condition associated with the Willow Boulevard/A-Site Landfill final cover system. 

2. Use procedures outlined in Reference 2 to determine the annual soil loss for each post-
construction slope condition.   

Calculations:
1. Determine Annual Soil Loss (Tons Per Acre) 

Based on Reference 2, the annual tons per acre soil loss will be calculated by using RUSLE: 

 A = (R)(K)(LS)(C)(P) (Reference 2, pg. 2, attached) 

  Where,   

 A    = Average Annual Soil Loss (ton/acre/year) 
 R    = Regional Rainfall and Erosivity Index 
 K    = Soil Erodibility Factor (tons/acre) 
 LS = Length/Slope Factor (ft.) 
 C    = Cover Management Factor 
 P   = Crop Support Practice Factor 

 Thus, 

 R   = 115 (Reference 2, attached) 
 K   = 0.24 tons/acre (Assumption 3) 
 C   = 0.007 (Assumption 4)    
 P  = 1 (Assumption 5) 

The Length/Slope Factor (Assumption 2) is calculated based on the following equation (as described in 
Reference 2): 

 LS = (LF)(SF)  

 Where, 

 LF = Length Factor  
 SF = Slope Factor  

Based on Reference 2, the Length Factor is calculated as follows: 

 LF = (0.0138 * m
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Calculation Sheet 

Imagine the result 

 Where, 

 = Horizontal length of slope in feet = 134 ft (Assumption 1) 
 m  = Slope-length exponent (calculated below, as defined in Reference 2) 

The Slope-length exponent is calculated using the following equation from Reference 2: 

 Where, 

Slope Angle = tan-1 (0.25) = 0.24 radians (representative of a 25% slope, 
Assumption 1) 

 Therefore, 

m = 0.87

Substituting and m into the Length Factor equation, 

  LF = (0.0138 * 134 0.87 = 1.71 

The Slope Factor is calculated using the following equation from Reference 2: 

  SF = 16.8 * sin

 Where, 

Slope Angle = tan-1 (0.25) = 0.24 radians (representative of a 25% slope, 
Assumption 1) 

Therefore, 

56.0
24.0sin*3

24.0sin16.11*21

56.0
24.0sin*3

24.0sin16.11*2

8.0

8.0

m

56.0
sin*3

sin16.11*21

56.0
sin*3

sin16.11*2

8.0

8.0
m
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Calculation Sheet 

Imagine the result 

  SF = 16.8 * sin (0.24) - 0.5 = 3.49 

Substituting the calculated Length and Slope Factors (calculated above) into the Length/Slope Factor 
equation, 

 LS = (1.71)(3.49) = 5.97 ft. 

 Thus, 

                         A = (115)(0.24)(5.97)(0.007)(1) = 1.15 tons/acre/year 

Summary:
Based on USLE, the soil loss rate of the Willow Boulevard/A-Site Landfill final cover system is 1.15 
tons/acre/year.  Per Reference 2, the recommended maximum annual soil loss rate should not exceed 
2 tons/acre/year.  Therefore, the average worst-case soil loss rate of 1.15 tons/acre/year is considered 
acceptable since it does not exceed the recommended maximum annual soil loss rate.  



Slope Length  





Reference 2 











Site Location
(Kalamazoo County)
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DRAFT
Calculation Sheet 

Imagine the result 

Client: Georgia-Pacific LLC Project: B0064581/B0064582 

Prepared by:  RLP Date:  December 2010 
Title: Willow Boulevard/A-Site Landfill Operable Unit 2 
Reviewed By:  CAA Date:  December 2010 

Checked By: PHB Date:  December 2010 
Subject: Sideslope Surface Stability 

 
Objective: 
 
Demonstrate that stable hydraulic conditions exist on the Willow Boulevard and A-Site Landfill sideslope 
surfaces within the 100-year floodplain of the Kalamazoo River.  
 
References: 

1. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 5 titled “Final Grading and 
Stormwater Management Plan,” ARCADIS, December 2010. 
 

2. Willow Boulevard Site/A-Site Landfill Operable Unit 2 Drawing No. 10 titled “Site Cross Sections”, 
ARCADIS, December 2010. 

 
3. Willow Boulevard Site/A-Site Landfill Operable Unit 2 Drawing No. 19 titled “Restoration Details”, 

ARCADIS, December 2010. 
 

4. Appendix B to the Willow Boulevard/A-Site Operable Unit 2 Pre-Final (95%) Remedial Design 
Report  titled “Hydraulic Evaluation of the Kalamazoo River,” ARCADIS, December 2010. 
 

5. “Stability Thresholds for Stream Restoration Materials” by Craig Fischenich, May 2001 (attached). 
 
Assumptions: 

1. As described in Reference 4, the maximum river channel shear stress occurs at Transect 10.3 (A-
Site) for the median flow (0.09 lb/ft2) and at Transect 9.9 (A-Site) for the 2-year and 100-year 
storm events (0.11 lb/ft2 and 0.16 lb/ft2 respectively). 
 

2. As described in Reference 4, the maximum river channel velocity in the vicinity of the A-Site and 
Willow Boulevard Landfills occurs at Transect 9.9 (A-Site) for each of the storm events evaluated, 
with a maximum of 3.71 ft/sec for the 100-year storm, 2.86 ft/sec for the 2-year storm event and 
2.09 ft/sec for median flow conditions. 

 
3. As shown on Reference 3, the slopes of the A-Site Landfill within the 100-year flood limits will 

consist of 12-inches of vegetative soil seeded with a riparian/upland seed mix.  The sideslope 
surface of the Willow Boulevard Landfill within the 100-year flood limits will consist of 12-inches of 
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DRAFT
Calculation Sheet 

Imagine the result 

soil choked stone or 12-inches of vegetative soil.  For the purposes of this evaluation and for 
conservatism, a vegetative soil with [long] native grass vegetation is evaluated.  

4. Based on Reference 5, the permissible shear stress for long native grass ranges from 1.2 to 1.7 
lb/ft2.   
 

5. Based on Reference 5, the permissible velocity for long native grass ranges from 4 to 6 ft/sec.   
 

 
Calculations: 
 
The maximum river channel shear stresses of 0.11 lb/ft2 and 0.16 lb/ft2 (Assumption 1) are below the 
permissible shear stress range of 0.70 to 0.95 lb/ft2 (Assumption 4). 
 
The maximum river channel velocities of 3.71 ft/sec, 2.86 ft/sec and 2.09 ft/sec (Assumption 2) are below 
the permissible velocity range of 4 to 6 ft/sec (Assumption 4).   
 
Since the anticipated shear stresses and velocities on the Willow Boulevard Landfill and A-Site Landfill 
sideslopes are less than the average permissible shear stress, the sideslopes within the 100-year 
floodplain is considered hydraulically stable. 
 
 
Summary: 
Results of the surface stability analyses above indicate that stable conditions exist on proposed Willow 
Boulevard and A-Site Landfill sideslopes because the computed river channel shear stresses and 
velocities are less than the average permissible shear stresses.  
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Stability Thresholds for  
Stream Restoration Materials 
 
by Craig Fischenich1                   May 2001 
  
 

 
 

 
 

                                                 
1 USAE Research and Development Center, Environmental Laboratory, 3909 Halls Ferry Rd., Vicksburg MS  39180 

OVERVIEW 
Stream restoration projects usually involve 
some modification to the channel or the banks. 
Designers of stabilization or restoration projects 
must ensure that the materials placed within 
the channel or on the banks will be stable for 
the full range of conditions expected during the 
design life of the project.   Unfortunately, 
techniques to characterize stability thresholds 
are limited.  Theoretical approaches do not 
exist and empirical data mainly consist of 
velocity limits, which are of limited value.   
 
Empirical data for shear stress or stream power 
are generally lacking, but the existing body of 
information is summarized in this technical 
note.  Whereas shear thresholds for soils found 
in channel beds and banks are quite low 
(generally < 0.25 lb/sf), those for vegetated 
soils (0.5 – 4 lb/sf), erosion control materials 
and bioengineering techniques (0.5 – 8 lb/sf), 
and hard armoring (< 13 lb/sf) offer options to 
provide stability. 
 
STABILITY CRITERIA 
The stability of a stream refers to how it 
accommodates itself to the inflowing water and 
sediment load.  In general, stable streams may 
adjust their boundaries but do not exhibit trends 
in changes to their geometric character.  One 
form of instability occurs when a stream is 
unable to transport its sediment load (i.e., 
sediments deposited within the channel), 
leading to the condition referred to as 
aggradation.   

When the ability of the stream to transport 
sediment exceeds the availability of sediments 
within the incoming flow, and stability 
thresholds for the material forming the 
boundary of the channel are exceeded, erosion 
occurs.  This technical note deals with the latter 
case of instability and distinguishes the 
presence or absence of erosion (threshold 
condition) from the magnitude of erosion 
(volume). 
 
Erosion occurs when the hydraulic forces in the 
flow exceed the resisting forces of the channel 
boundary.  The amount of erosion is a function 
of the relative magnitude of these forces and 
the time over which they are applied.  The 
interaction of flow with the boundary of open 
channels is only imperfectly understood.  
Adequate analytical expressions describing this 
interaction have not yet been developed for 
conditions associated with natural channels.  
Thus, means of characterizing erosion potential 
must rely heavily upon empiricism.  
 
 Traditional approaches for characterizing 
erosion potential can be placed in one of two 
categories: maximum permissible velocity, and 
tractive force (or critical shear stress).  The 
former approach is advantageous in that 
velocity is a parameter that can be measured 
within the flow.  Shear stress cannot be directly 
measured – it must be computed from other 
flow parameters.  Shear stress is a better 
measure of the fluid force on the channel 
boundary than is velocity.  Moreover, 
conventional guidelines, including ASTM 
standards, rely upon the shear stress as a 
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means of assessing the stability of erosion 
control materials.  Both approaches are 
presented in this paper.   
 
Incipient Motion (Threshold Condition) 
As flow over the bed and banks of a stream 
increases, a condition referred to as the 
threshold state is reached when the forces 
tending to move materials on the channel 
boundary are in balance with those resisting 
motion. The forces acting on a noncohesive 
soil particle lying on the bed of a flowing stream 
include hydrodynamic lift, hydrodynamic drag, 
submerged weight (Fw – Fb), and a resisting 
force Fr. as seen in Figure 1.  The drag is in the 
direction of the flow and the lift and weight are 
normal to the flow.  The resisting force depends 
on the geometry of the particles.  At the 
threshold of movement, the resultant of the 
forces in each direction is zero.  Two 
approaches for defining the threshold state are 
discussed herein, initial movement being 
specified in terms of either a critical velocity 
(vcr) or a critical shear stress (τcr).   

 
Figure 1.  Forces acting on the boundary of 
a channel (adapted from Julien (1995)). 
 
Critical Velocity  
Figure 1 shows that both the lift and the drag 
force are directly related to the velocity 
squared.  Thus, small changes in the velocity 
could result in large changes in these forces.  
The permissible velocity is defined as the 
maximum velocity of the channel that will not 
cause erosion of the channel boundary.  It is 
often called the critical velocity because it 
refers to the condition for the initiation of 
motion.  Early works in canal design and in 
evaluating the stability of waterways relied 

upon this method.  Considerable empirical data 
exist relating maximum velocities to various soil 
and vegetation conditions. 
 
However, this simple method for design does 
not consider the channel shape or flow depth.  
At the same mean velocity, channels of 
different shapes or depths may have quite 
different forces acting on the boundaries.  
Critical velocity is depth-dependent, and a 
correction factor for depth must be applied in 
this application.  Despite these limitations, 
maximum permissible velocity can be a useful 
tool in evaluating the stability of various 
waterways.  It is most frequently applied as a 
cursory analysis when screening alternatives. 
 
Critical Shear Stress 
The forces shown in Figure 1 can also be 
expressed in terms of the shear stress.  Shear 
stress is the force per unit area in the flow 
direction.  Its distribution in steady, uniform, 
two-dimensional flow in the channel can be 
reasonably described.  An estimate of the 
average boundary shear stress (τo) exerted by 
the fluid on the bed is: 
 
τo = γDSf          (1) 
 
where γ is the specific weight of water, D is the 
flow depth (~ hydraulic radius), and Sf  is the 
friction slope. Derived from consideration of the 
conservation of linear momentum, this quantity 
is a spatial average and may not provide a 
good estimate of bed shear at a point. 
 
Critical shear stress (τcr) can be defined by 
equating the applied forces to the resisting 
forces.  Shields (1936) determined the 
threshold condition by measuring sediment 
transport for values of shear at least twice the 
critical value and then extrapolating to the point 
vanishing sediment transport.  His laboratory 
experiments have since served as a basis for 
defining critical shear stress. For soil grains of 
diameter d and angle of repose φ on a flat bed, 
the following relations can approximate the 
critical shear for various sizes of sediment: 
 

φλλτ Tandwscr )(5.0 −= For clays  (2) 

φλλτ Tandd wscr )(25.0 6.0
* −= −

For silts and 
sands           (3) 
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φλλτ Tandwscr )(06.0 −= For gravels and 
cobbles          (4) 
  
Where 

3/1

2*

)1(











 −=
ν

gG
dd        (5) 

γs = the unit weight of the sediment 
γw = the unit weight of the water/sediment 
mixture 
G = the specific gravity of the sediment 
G = gravitational acceleration 
ν = the kinematic viscosity of the 
water/sediment mixture 

The angle of repose φ for noncohesive 
sediments is presented in Table 1 (Julien 
1995), as are values for critical shear stress.  
The critical condition can be defined in terms of 
shear velocity rather than shear stress (note 
that shear velocity and channel velocity are 
different).  Table 1 also provides limiting shear 
velocity as a function of sediment size.   The 
V*c  term is the critical shear velocity and is 
equal to 
 

fhc* SgRV =         (6)

 
Table 1.  Limiting Shear Stress and Ve locity for Uniform Noncohesive Sediments 
Class name ds (in) φφ (deg) ττ*c ττcr (lb/sf) V*c (ft/s) 
Boulder      
  Very large >80 42 0.054 37.4 4.36 
  Large >40 42 0.054 18.7 3.08 
  Medium >20 42 0.054 9.3 2.20 
  Small >10 42 0.054 4.7 1.54 
Cobble      
  Large >5 42 0.054 2.3 1.08 
  Small >2.5 41 0.052 1.1 0.75 
Gravel      
  Very coarse >1.3 40 0.050 0.54 0.52 
  Coarse >0.6 38 0.047 0.25 0.36 
  Medium >0.3 36 0.044 0.12 0.24 
  Fine >0.16 35 0.042 0.06 0.17 
  Very fine >0.08 33 0.039 0.03 0.12 
Sands      
  Very coarse >0.04 32 0.029 0.01 0.070 
  Coarse >0.02 31 0.033 0.006 0.055 
  Medium >0.01 30 0.048 0.004 0.045 
  Fine >0.005 30 0.072 0.003 0.040 
  Very fine >0.003 30 0.109 0.002 0.035 
Silts      
  Coarse >0.002 30 0.165 0.001 0.030 
  Medium >0.001 30 0.25 0.001 0.025 

Table 1 provides limits best applied when 
evaluating idealized conditions, or the stability 
of sediments in the bed. Mixtures of sediments 
tend to behave differently from uniform 
sediments. Within a mixture, coarse sediments 
are generally entrained at lower shear stress 
values than presented in Table 1.  Conversely, 
larger shear stresses than those presented in 
the table are required to entrain finer sediments 
within a mixture.  
 

Cohesive soils, vegetation, and other armor 
materials can be similarly evaluated to 
determine empirical shear stress thresholds.  
Cohesive soils are usually eroded by the 
detachment and entrainment of soil 
aggregates.  Motivating forces are the same as 
those for noncohesive banks; however, the 
resisting forces are primarily the result of 
cohesive bonds between particles.  The 
bonding strength, and hence the soil erosion 
resistance, depends on the physio-chemical 
properties of the soil and the chemistry of the 
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fluids.  Field and laboratory experiments show 
that intact, undisturbed cohesive soils are much 
less susceptible to flow erosion than are non-
cohesive soils. 
 
Vegetation, which has a profound effect on the 
stability of both cohesive and noncohesive 
soils, serves as an effective buffer between the 
water and the underlying soil.  It increases the 
effective roughness height of the boundary, 
increasing flow resistance and displacing the 
velocity upwards away from the soil, which has 
the effect of reducing the forces of drag and lift 
acting on the soil surface.  As the boundary 
shear stress is proportional to the square of the 
near-bank velocity, a reduction in this velocity 
produces a much greater reduction in the 
forces responsible for erosion.   
 
Vegetation armors the soil surface, but the 
roots and rhizomes of plants also bind the soil 
and introduce extra cohesion over and above 
any intrinsic cohesion that the bank material 
may have.  The presence of vegetation does 
not render underlying soils immune from 
erosion, but the critical condition for erosion of 
a vegetated bank is usually the threshold of 
failure of the plant stands by snapping, stem 
scour, or uprooting, rather than for detachment 
and entrainment of the soils themselves.  
Vegetation failure usually occurs at much 
higher levels of flow intensity than for soil 
erosion. 
 
Both rigid and flexible armor systems can be 
used in waterways to protect the channel bed 
from erosion and to stabilize side slopes.  A 
wide array of differing armor materials are 
available to accomplish this.  Many 
manufactured products have been evaluated to 
determine their failure threshold.  Products are 
frequently selected using design graphs that 
present the flow depth on one axis and the 
slope of the channel on the other axis.  Thus, 
the design is based on the depth/slope product  
(i.e., the shear stress).   In other cases, the 
thresholds are expressed explicitly in terms of 
shear stress.  Notable among the latter group 
are the field performance testing results of 
erosion control products conducted by the 
TXDOT/TTI Hydraulics and Erosion Control 
Laboratory (TXDOT 1999). 
 

Table 2 presents limiting values for shear 
stress and velocity for a number of different 
channel lining materials.  Included are soils, 
various types of vegetation, and number of 
different commonly applied stabilization 
techniques.  Information presented in the table 
was derived from a number of different 
sources. Ranges of values presented in the 
table reflect various measures presented within 
the literature.  In the case of manufactured 
products, the designer should consult the 
manufacturer’s guidelines to determine 
thresholds for a specific product.     
 
Uncertainty and Variability 
The values presented in Table 2 generally 
relate to average values of shear stress or 
velocity.  Velocity and shear stress are neither 
uniform nor steady in natural channels.   Short-
term pulses in the flow can give rise to 
instantaneous velocities or stresses of two to 
three times the average; thus, erosion may 
occur at stresses much lower than predicted.   
Because limits presented in Table 2 were 
developed empirically, they implicitly include 
some off this variability.   However, natural 
channels typically exhibit much more variability 
than the flumes from which these data were 
developed.   
 
Sediment load can also profoundly influence 
the ability of flow to erode underlying soils.  
Sediments in suspension have the effect of 
damping turbulence within the flow.   
Turbulence is an important factor in entraining 
materials from the channel boundaries.  Thus, 
velocity and shear stress thresholds are 1.5 to 
3 times that presented in the table for flows 
carrying high sediment loads. 
 
In addition to variability of flow conditions, 
variation in the channel lining characteristics 
can influence erosion predictions. Natural bed 
material is neither spherical nor of uniform size. 
Larger particles may shield smaller ones from 
direct impact so that the latter fail to move until 
higher stresses are attained. For a given grain 
size, the true threshold criterion may vary by 
nearly an order of magnitude depending on the 
bed gradation.  Variation in the installation of 
erosion control measures can reduce the 
threshold necessary to cause erosion.   



 

ERDC TN-EMRRP SR-29  5 

Table 2. Permissible Shear and Velocity for Selected Lining Materials1   

Boundary Category  Boundary Type   
Permissible 
Shear Stress  

(lb/sq ft) 

Permissible 
Velocity 
(ft/sec) 

Citation(s) 

Soils Fine colloidal sand 0.02 - 0.03 1.5 A 
 Sandy loam (noncolloidal) 0.03 - 0.04 1.75 A 
 Alluvial silt (noncolloidal) 0.045 - 0.05 2 A 
 Silty loam (noncolloidal) 0.045 - 0.05 1.75 – 2.25 A 
 Firm loam 0.075 2.5 A 
 Fine gravels 0.075 2.5 A 
 Stiff clay  0.26 3 – 4.5 A, F 
 Alluvial silt (colloidal) 0.26 3.75 A 
 Graded loam to cobbles 0.38 3.75 A 
 Graded silts to cobbles 0.43 4 A 
 Shales and hardpan 0.67 6 A 
Gravel/Cobble 1-in. 0.33 2.5 – 5 A 
  2-in. 0.67 3 – 6 A 
 6-in. 2.0 4 – 7.5 A 
 12-in. 4.0 5.5 – 12 A 
 Vegetation Class A turf 3.7 6 – 8 E, N 
  Class B turf 2.1 4 - 7 E, N 
  Class C turf 1.0 3.5 E, N 
 Long native grasses 1.2 – 1.7 4 – 6 G, H, L, N 
 Short native and bunch grass 0.7 - 0.95 3 – 4 G, H, L, N 
 Reed plantings 0.1-0.6 N/A E, N 
 Hardwood tree plantings 0.41-2.5 N/A E, N 
Temporary Degradable RECPs Jute net 0.45 1 – 2.5 E, H, M 
 Straw with net 1.5 – 1.65 1 – 3 E, H, M 
 Coconut fiber with net 2.25 3 – 4 E, M 
 Fiberglass roving  2.00 2.5 – 7 E, H, M 
Non-Degradable  RECPs Unvegetated 3.00 5 – 7 E, G, M 
 Partially established 4.0-6.0 7.5 – 15 E, G, M 
 Fully vegetated 8.00 8 – 21 F, L, M 
Riprap 6 – in. d50 2.5 5 – 10 H 
 9 – in. d50 3.8 7 – 11 H 
 12 – in. d50 5.1 10 – 13 H 
 18 – in. d50 7.6 12 – 16 H 
 24 – in. d50 10.1 14 – 18 E 
Soil Bioengineering Wattles 0.2 – 1.0 3 C, I, J, N 
 Reed fascine 0.6-1.25 5 E 
 Coir roll 3 - 5 8 E, M, N 
 Vegetated coir mat  4 - 8 9.5 E, M, N 
 Live brush mattress (initial) 0.4 – 4.1 4 B, E, I 
 Live brush mattress (grown) 3.90-8.2 12 B, C, E, I, N 
 Brush layering (initial/grown) 0.4 – 6.25 12 E, I, N 
  Live fascine 1.25-3.10 6 – 8 C, E, I, J 
 Live willow stakes  2.10-3.10 3 – 10 E, N, O 
Hard Surfacing Gabions 10 14 – 19 D 
 Concrete 12.5 >18 H 
1 Ranges of values generally reflect multiple sources of data or different testing conditions. 
A. Chang, H.H. (1988).   F. Julien, P.Y. (1995).  K. Sprague, C.J. (1999). 
B. Florineth. (1982)   G. Kouwen, N.; Li, R. M.; and Simons, D.B., (1980).  L. Temple, D.M. (1980). 
C. Gerstgraser, C.  (1998). H. Norman, J. N. (1975).  M. TXDOT (1999) 
D. Goff, K. (1999).   I.  Schiechtl, H. M. and R. Stern. (1996).  N. Data from Author (2001) 
E. Gray, D.H., and Sotir, R.B. (1996).  J.  Schoklitsch, A.  (1937).  O.  USACE  (1997).

RPARINI
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Changes in the density or vigor of vegetation 
can either increase or decrease erosion 
threshold. Even differences between the 
growing and dormant seasons can lead to one- 
to twofold changes in erosion thresholds. 
 
To address uncertainty and variability, the 
designer should adjust the predicted velocity or 
shear stress by applying a factor of safety or by 
computing local and instantaneous values for 
these parameters.  Guidance for making these 
adjustments is presented in the section titled 
“Application” below. 
 
EROSION MAGNITUDE 
The preceding discussion dealt with the 
presence or absence of erosion, but did not 
address the extent to which erosion might 
occur for a given flow.  If the thresholds 
presented in Table 2 are exceeded, erosion 
should be expected to occur.  In reality, even 
when those thresholds are not exceeded, some 
erosion in a few select locations may occur.  
The extent to which this minor erosion could 
become a significant concern depends in large 
measure on the duration of the flow, and upon 
the ability of the stream to transport those 
eroded sediments.    
 
Flow Duration 
Although not stated, limits regarding erosion 
potential published by manufacturers for 
various products are typically developed from 
studies using short flow durations.  They do not 
reflect the potential for severe erosion damage 
that can result from moderate flow events over 
several hours. Studies have shown that 
duration of flow reduces erosion resistance of 
many types of erosion control products, as 
shown in Figures 2 - 4.  A factor of safety 
should be applied when flow duration exceeds 
a couple of hours.    
 

 
Figure 2.  Erosion limits as a function of 
flow duration (from Fischenich and Allen 
(2000)). 
 

 
Figure 3. Limiting values for bare and TRM 
protected soils (from Sprague (1999)) 
 

 
Figure 4. Limiting values for plain and TRM 
reinforced grass (from Sprague (1999)) 
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Correlations between flow volume and amount 
of erosion tend to be poor. Multi-peaked flows 
may be more effective than single flows of 
comparable or greater magnitude because of 
the increased incidence of wetting.  Flows with 
long durations often have a more significant 
effect on erosion than short-lived flows of 
higher magnitude.   Sediment transport 
analysis can be used to gauge the magnitude 
of erosion potential in the channel design, but 
predictive capability is limited. 
 
Sediment Transport 
A number of flow measures can be used to 
assess the ability of a stream to transport 
sediment.  The unit stream power (Pm) is one 
common approach, and is related to the earlier 
discussion in that stream power includes both 
velocity and shear stress as components.  
Sediment transport (Qs) increases when the 
unit stream power (Pm) increases.  Unit stream 
power in turn is controlled by both tractive 
stress and flow velocity: 
  

Pm  =  v ·  τ  = v ·  γw ·  D ·  Sf      (7) 
 
The total power (Pt) is the product of the unit 
power times the channel width (W):  
 
Pt  =  Pm·  W  =  v ·  W ·  D ·  γw·  Sf   =  v ·  A ·  γw·  Sf  
=  Qw ·  γw ·  Sf          (8) 
 
Stream power assessments can be useful in 
evaluating sediment discharge within a stream 
channel and the deposition or erosion of 
sediments from the streambed.  However, their 
utility for evaluating the stability of measures 
applied to prevent erosion is limited because of 
the lack of empirical data relating stream power 
to stability.  The analysis of general 
streambank erosion is not a simple extension 
of the noncohesive bed case with an added 
downslope gravity component.  Complication is 
added by other influencing variables, such as 
vegetation, whose root system can reinforce 
bank material and increase erosion resistance. 
Factors influencing bank erosion are 
summarized in Table 3.

 
Table 3.  Factors Influencing Erosion 
Factor Relevant characteristics 

Flow properties Magnitude, frequency and variability of stream discharge;  Magnitude and distribution of 
velocity and shear stress;  Degree of turbulence 
 

Sediment composition Sediment size, gradation, cohesion and stratification 
 

Climate Rainfall amount, intensity and duration; Frequency and duration of freezing 
 

Subsurface conditions Seepage forces; Piping; Soil moisture levels 
 

Channel geometry Width and depth of channel;  Height and angle of bank;  Bend curvature 
 

Biology Vegetation type, density and root character; Burrows 
 

Anthropogenic factors Urbanization, flood control, boating, irrigation  
 
APPLICATION 
The stability of a waterway or the suitability of 
various channel linings can be determined by 
first calculating both the mean velocity and 
tractive stress (by the previous equations). 
These values can then be compared with 
allowable velocity and tractive stress for a 
particular ground cover or lining system under 
consideration (e.g., existing vegetation cover, 
an erosion control blanket, or bioengineering 
treatment). Allowable tractive stresses for 

various types of soil, linings, ground covers, 
and stabilization measures including soil 
bioengineering treatments, are listed in Table 
2.  Additionally, manufacturers’ product 
literature can provide allowable tractive 
stresses or velocities for various types of 
erosion control products.  
 
An iterative procedure may be required when 
evaluating channel stability because various 
linings will affect the resistance coefficient, 
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which in turn may change the estimated flow 
conditions.  A general procedure for the 
application of information presented in this 
paper is outlined in the following paragraphs.    
 
Step 1-Estimate Mean Hydraulic Conditions.   
Flow of water in a channel is governed by the 
discharge, hydraulic gradient, channel 
geometry, and roughness coefficient.  This 
functional relationship is most frequently 
evaluated using normal depth or backwater 
computations that take into account principles 
of conservation of linear momentum. The latter 
is preferable because it accounts for variations 
in momentum slope, which is directly related to 
shear stress.  Several models are available to 
aid the hydraulic engineer in assessing 
hydraulic conditions.  Notable examples include 
HEC-2, HEC-RAS, and WSP2.  Channel cross 
sections, slopes, and Manning’s coefficients 
should be determined based upon surveyed 
data and observed or predicted channel 
boundary conditions.   Output from the model 
should be used to compute main channel 
velocity and shear stress at each cross section.  
 
Step 2- Estimate Local/Instantaneous Flow 
Conditions.    
The computed values for velocity and shear 
stress may be adjusted to account for local 
variability and instantaneous values higher than 
mean. A number of procedures exist for this 
purpose.  Most commonly applied are empirical 
methods based upon channel form and 
irregularity.    Several references at the end of 
this paper present procedures to make these 
adjustments.  Chang (1988) is a good example.  
For straight channels, the local maximum shear 
stress can be assumed from the following 
simple equation: 
 

ττ 5.1max =          (9) 
 
for sinuous channels, the maximum shear 
stress should be determined as a function of 
the planform characteristics using Equation 10: 
 

5.0

max 65.2
−







=

W
Rcττ                   (10) 

where Rc is the radius of curvature and W is 
the top width of the channel.  Equations 9 and 
10 adjust for the spatial distribution of shear 
stress; however, temporal maximums in 
turbulent flows can be 10 – 20 percent higher, 
so an adjustment to account for instantaneous 
maximums should be added as well.  A factor 
of 1.15 is usually applied. 
 
Step 3- Determine Existing Stability. 
Existing stability should be assessed by 
comparing estimates of local and 
instantaneous shear and velocity to values 
presented in Table 2. Both the underlying soil 
and the soil/vegetation condition should be 
assessed.  If the existing conditions are 
deemed stable and are in consonance with 
other project objectives, then no further action 
is required.  Otherwise, proceed to step 4. 
 
Step 4- Select Channel Lining Material.  
If existing conditions are unstable, or if a 
different material is needed along the channel 
perimeter to meet project objectives, a lining 
material or stabilization measure should be 
selected from Table 2, using the threshold 
values as a guideline in the selection.   Only 
material with a threshold exceeding the 
predicted value should be selected. The other 
project objectives can also be used at this point 
to help select from among the available 
alternatives.  Fischenich and Allen (2000) 
characterize attributes of various protection 
measures to help in the selection.   
 
Step 5- Recompute Flow Values.  
Resistance values in the hydraulic 
computations should be adjusted to reflect the 
selected channel lining, and hydraulic condition 
should be recalculated for the channel. At this 
point, reach- or section-averaged hydraulic 
conditions should be adjusted to account for 
local and instantaneous extremes.   
Table 4 presents velocity limits for various 
channel boundaries conditions.  This table is 
useful in screening alternatives, or as an 
alternative to the shear stress analysis 
presented in the preceding sections. 
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Table 4.  Stability of Channel Linings for Given Velocity Ranges 
Lining 0 – 2 fps 2 – 4 fps 4 – 6 fps 6 – 8 fps > 8 fps 
Sandy Soils      
Firm Loam      
Mixed Gravel and 
Cobbles 

     

Average Turf      
Degradable RECPs       
Stabilizing 
Bioengineering  

     

Good Turf      
Permanent RECPs      
Armoring 
Bioengineering 

     

CCMs & Gabions      
Riprap      
Concrete      

Key: 
 Appropriate 
 Use Caution 
 Not Appropriate 

 
 
Step 6– Confirm Lining Stability. 
The stability of the proposed lining should be 
assessed by comparing the threshold values in 
Table 2 to the newly computed hydraulic 
conditions.  These values can be adjusted to 
account for flow duration using Figures 2-4 as a 
guide.  If computed values exceed thresholds, 
step 4 should be repeated.  If the threshold is 
not exceeded, a factor of safety for the project 
should be determined from the following 
equations:   
 

estest V
V

FSorFS maxmax ==
τ
τ

       (11) 

 
In general, factors of safety in excess of 1.2 or 
1.3 should be acceptable.  The preceding five 
steps should be conducted for every cross 
section used in the analysis for the project. In 
the event that computed hydraulic values 
exceed thresholds for any desirable lining or 
stabilization technique, measures must be 
undertaken to reduce the energy within the 
flow. Such measures might include the 
installation of low-head drop structures or other 
energy-dissipating devices along the channel.    
Alternatively, measures implemented within the 
watershed to reduce total discharge could be 
employed. 
 

 
APPLICABILITY AND 
LIMITATIONS 
Techniques described in this technical note are 
generally applicable to stream restoration 
projects that include revegetation of the riparian 
zone or bioengineering treatments.   
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1. Introduction

On September 30, 2009 Georgia-Pacific, LLC (Georgia-Pacific) entered into an agreement with 
the United States Environmental Protection Agency (USEPA) that will govern the next phase of 
work at the Willow Boulevard/A-Site Landfill Operable Unit 2 (WB/A-Site OU) (Figure 1-1). The 
WB/A-Site OU is Operable Unit 2 of the Allied Paper, Inc./Portage Creek/Kalamazoo River 
Superfund Site (Site), located in Kalamazoo and Allegan Counties, Michigan. 

A Statement of Work (SOW), included as Appendix C to the Consent Decree for the Design of 
Certain Response Actions at Operable Unit 2 of the Allied Paper, Inc./Portage 
Creek/Kalamazoo River Superfund Site ([CD] Civil Action No. 1-09-cv-429), describes the 
proposed design and remedial action work at the WB/A-Site OU. Construction of the remedial 
action is currently anticipated to begin in the Spring/Summer of 2011, and removal activities 
and initial planting of vegetation are estimated to be completed by the end of 2012.

This Construction Quality Assurance Project Plan (CQAPP) has been prepared in support of the 
remedial action to be completed at the WB/A-Site OU. The primary objectives of this CQAPP are 
to:

• identify the key personnel and organizational structure required for construction quality 
assurance (CQA)

• present procedures necessary for proper construction evaluation and documentation 
during implementation of each element of the remedial action

The remainder of this section presents an overview of the project area, CQA activities, and 
general framing information along with the organization of this CQAPP.

1.1 Background

The WB/A-Site OU is located southeast of the intersection of Business I-94 and Highway M-96 
(King Highway) in Kalamazoo Township, Michigan. The OU is bordered by the Kalamazoo 
River to the north and northwest, Davis Creek to the east, and Willow Boulevard Road, former 
Olmstead Creek, and residential areas to the south (Figure 1-1). A fence exists around the 
southern and eastern boundary of the OU.

The WB/A-Site OU consists of two disposal areas – the Willow Boulevard Landfill (including the 
Drainageway area) and the A-Site Landfill. The Willow Boulevard Landfill occupies an 
approximately 11-acre area and the A-Site Landfill, an approximately 22-acre area. The OU 
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also includes three adjacent impacted areas – the area east of Davis Creek, the area south of 
the A-Site berm, and the area near monitoring well AMW-3A. The two landfills and three 
adjacent areas are all addressed in this CQAPP. Residential properties south of the Willow 
Boulevard and A-Site Landfills do not contain polychlorinated biphenyls (PCBs) at 
concentrations that present a health risk to residents and are, therefore, not part of the 
remedial action.

1.1.1 Summary of the Remedial Action at the OU

The remedial action for the WB/A-Site OU will address residuals, soils, and sediments 
containing PCBs at concentrations above relevant criteria. Consolidation and containment of 
the PCB-impacted materials, in conjunction with institutional controls, are the key elements of 
the selected remedy set forth in the ROD. Revegetation and mitigation activities will be 
implemented to address environmental impacts associated with construction of the remedy at 
the landfills and ancillary areas.

The major components of the remedy for the WB/A-Site OU, as presented in the Final 
Remedial Design Report (Design Report - ARCADIS 2011), include the following:

• Removal of the portion of the 1,700 foot-long sheet pile wall at A-Site Landfill that extends 
above the median water elevationwater line (approximately a 10-foot high section) of the 
Kalamazoo River.

• Excavate along the banks of the Kalamazoo River and in additional investigation areas 
(including the Willow Boulevard Drainageway, area south of A-Site Berm, area east of 
Davis Creek, and the area near monitoring well AMW-3A). This excavation includes a full 
setback of the bank to the north side of Willow Boulevard Landfill.

• Consolidate and isolate PCB-containing materials under engineered cover systems 
constructed on both landfills. The design of the cover systems is in compliance with the 
relevant requirements of Part 115 Solid Waste Management, of the Natural Resources and 
Environmental Protection Act (NREPA) cover system specifications for closure of a solid 
waste disposal facility.

• Implement bank stabilization and erosion control measures to protect the cover systems 
and contents of the landfills from a 100-year flood and address impacts of construction.

• Restore impacted wetlands in the area east of Davis Creek, in the Willow Boulevard 
Drainageway, and in the area south of the A-Site Berm.
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• Install erosion protection and containment systems.

• Implement short- and long-term monitoring programs.

• Implement institutional controls.

• Implement long-term maintenance.

• Implement additional provisions (e.g., mitigate noise and dust levels) as needed.

1.2 Purpose

This CQAPP has been prepared to outline procedures for conducting and documenting the 
elements of the remedial action with an appropriate level of quality assurance (QA) and quality 
control (QC). This CQAPP identifies steps to be used to monitor and document the quality of 
materials and the condition and manner of their installation, construction, or removal. CQA 
activities will be performed under this CQAPP for the following remedial action efforts: 

• Mobilization and site preparation

• Soil removal operations

• Construction dewatering, sediments/soil drainage, and water treatment

• Landfill cover system - soils

• Landfill cover system - geosynthetics

• Surveying

• Documentation

• Habitat reconstruction

• Site security

• Demobilization
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1.3 Quality Assurance and Quality Control

QA and QC are defined as follows: 

QA – A planned and systematic pattern of all means and actions designed to provide adequate 
confidence that materials or services meet contractual and regulatory requirements. QA is 
typically performed to assure the purchaser, owner, and/ or regulatory agencies that delivered 
materials or services are of desired quality. 

QC – Those actions that provide a means to measure and regulate the characteristics of a 
material or service to meet contractual and regulatory requirements. QC is typically performed 
by or for the provider of materials or services as a control mechanism on the quality of the 
provider's efforts. 

In the context of this CQAPP, the terms are further defined as: 

QA refers to the means and actions employed by the CQA Officer to assure conformity of the 
systems' installation with the CQAPP, plans, and specifications. QA is provided under the 
oversight of the Project Coordinator (PC) and Engineer of Record (ER). 

QC refers to those actions taken by the Manufacturer, Fabricator, or Contractor/Installer to 
provide materials and workmanship that meet the requirements of the CQAPP, plans, and 
specifications. 

Some testing efforts required by this CQAPP may serve as both QA and QC measures. 

1.4 General Testing Requirements

This CQAPP includes references to test procedures of the American Society for Testing and 
Materials (ASTM). References to test procedures always refer to the latest approved version. 
As test procedures are revised, the references in this CQAPP will be automatically superseded. 

Tests will be performed in strict accordance with the referenced test procedure and the 
description included in this CQAPP, unless indicated otherwise. Any deviations from test 
procedures identified in this CQAPP must be approved in writing by the PC and ER prior to 
commencement of any work. 
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1.5 CQAPP Content and Organization

The remainder of this CQAPP is organized into twelve sections, as follows:

• Key Personnel and Responsibilities (Section 2) 

• CQA Documentation Requirements (Section 3)

• CQA Measures Related to Work Features, including:

• Mobilization and Site Preparation (Section 4)

– Soil Removal Operations (Section 5)

– Construction Dewatering, Sediment/Soil Drainage, and Water Treatment (Section 6)

– Final Cover System CQA (Section 7)

– Surveying (Section 8)

– Habitat Reconstruction (Section 9)

– Site Security (Section 10)

– Demobilization (Section 11)

• The references cited in this CQAPP are listed in Section 12.
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2. Key Personnel and Responsibilities

The successful completion of the remedial action depends upon the interaction of many 
qualified parties. These parties include those associated with:

• Facility ownership

• Regulatory agencies

• Design and specification preparation

• Project oversight

• Manufacture, fabrication, transportation, installation, and QA of materials

The roles, responsibilities, and qualifications of parties critical to successful completion of the 
remedial action are described below. Table 2-1 summarizes the composition of the CQA team
and contact information for each team member.

Table 2-1 Construction Quality Assurance Team

CQA Role Name Company Address/Telephone/
Email Address

Owner Garry Griffith, P.E. Georgia-
Pacific

951 County Street
Milan, MI 48160-9610
734.439.1205
gtgriffi@GAPAC.com

Regulator Agency 
Project Manager

Michael Berkoff USEPA 77 W. Jackson Boulevard
Chicago, IL 60604
312.353.8983
berkoff.michael@epa.gov

Project Coordinator Patrick McGuire ARCADIS 6723 Towpath Road
Syracuse, NY 13214
315.671.9233
pat.mcguire@arcadis-us.com

Engineer of Record William Rankin ARCADIS 6723 Towpath Road
Syracuse, NY 13214
315.671.9209
bill.rankin@arcadis-us.com
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CQA Role Name Company Address/Telephone/
Email Address

CQA Engineer/Data 
Coordinator

TO BE 
DETERMINEDDani
elle Amber

ARCADIS 10559 Citation Drive, Suite 100
Brighton, MI 48116
810.225.1931
Danielle.amber@arcadis-
us.com

QA Coordinator TO BE 
DETERMINED

ARCADIS

CQA Observer TO BE 
DETERMINED

ARCADIS 

CQA Surveyor TO BE 
DETERMINED

ARCADIS 

CQA Drafter TO BE 
DETERMINED

ARCADIS 

Construction Project 
Manager

TO BE 
DETERMINED

ARCADIS 

Construction Field 
Manager

TO BE 
DETERMINED

ARCADIS 

Health and Safety 
Officer

Charles Webster ARCADIS 6723 Towpath Road
P.O. Box 66
Syracuse, NY 13214
315.671.9297
charles.webster@arcadis-
us.com

Health and Safety 
Supervisor

TO BE 
DETERMINED

ARCADIS 

Primary Contractor 
Project Manager

TO BE 
DETERMINED

TO BE 
DETERMINED

CQA Laboratories 
(Soils Analysis) 
Project Managers

Jim Madison TestAmerica 
Laboratories

30 Community Drive, Suite 11
South Burlington VT 05404
802.655.1203
Jim.Madison@testamericainc.com

Garrett Ervin KAR 
Laboratories

4425 Manchester Road
Kalamazoo, MI 49001
269.381.9666 x 230
ERVIN@karlabs.com

CQA Laboratory 
(Geotechnical 
Analysis) Project 
Managers

TO BE 
DETERMINED

TO BE 
DETERMINED

CQA Laboratory 
(Liner Testing) 
Project Managers

TO BE 
DETERMINED

TO BE 
DETERMINED
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CQA Role Name Company Address/Telephone/
Email Address

Liner Installation 
Subcontractor 
Project Manager

TO BE 
DETERMINED

TO BE 
DETERMINED

2.1 Owner 

Georgia-Pacific is responsible for coordinating, performing, managing, and documenting 
activities performed in association with the USEPA-approved remedial action. Georgia-Pacific
has retained ARCADIS to serve as the Design Engineer and Field Engineer to assist in 
fulfillment of their responsibilities for completion of the remedial action.

2.2 Regulatory Oversight Agencies

USEPA will provide primary regulatory oversight. Additional regulatory agencies (Michigan 
Department of Natural Resources and Environment [MDNRE], National Oceanic and 
Atmospheric Administration [NOAA], and United States Fish and Wildlife Service [USFWS]) will 
be consulted by USEPA and responsible for providing onsite monitoring and observation of 
construction activities and CQA measures (in addition to that provided by USEPA). 
Representatives from the regulatory oversight agencies will participate in project meetings and 
may be provided with data and results of the CQA activities by the CQA Engineer.

As outlined in the Project Documents (consisting of the WB/A-Site OU Pre-Final Design Report 
[Design Report], Construction Drawings, and Specifications [ARCADIS 20110a]), USEPA will 
be consulted on field decisions that must be made based on field conditions observed at the 
project area at the time of construction. Field decisions that may require consultation with the 
regulatory oversight agencies could include clearing and grubbing limits, slope stability control 
measures, confirmation grid sampling locations, components of the final cover system, limits of 
habitat reconstruction activities, and others.

2.3 CQA Team

ARCADIS will provide a qualified CQA team that will include a PC, ER, CQA Engineer/Data 
Coordinator, QA Coordinator, and CQA Observer. Each of these positions is described in 
further detail below:
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2.3.1 Project Coordinator

The PC (Patrick McGuire) will have the following responsibilities related to implementation of 
the procedures in this CQAPP:

• Attend the pre-construction meeting

• Maintain routine contact with the ER, CQA Engineer, and Construction Project Manager 
(CPM) regarding conformance with the QC requirements

• Review the weekly project summary reports prior to submittal to Georgia-Pacific

• Oversee development of the Construction Completion Report (CCR)

2.3.2 Engineer-of-Record

The ER (William Rankin) is a Professional Engineer licensed in Michigan. The CQA team will 
be under the direct supervision of the ER who maintains overall responsibility for carrying out 
the provisions of this CQAPP. During construction activities, the ER will rely on the CQA 
Observer to perform CQA field tasks such as sample collection, construction observation and 
documentation, and material acceptance; however, the ER will be informed of any irregularities 
and will be directly involved in resolving these issues.

The ER, working together with the PC and the CQA Engineer, will prepare a CCR to certify that 
the construction activities have been completed in conformance with the Design Report. 

The ER will have the following responsibilities related to implementation of the procedures in 
this CQAPP:

• Attend the pre-construction meeting

• Maintain routine contact with the CQA Engineer and CPM regarding conformance with the 
QC requirements

• Perform periodic visits to the project area to review progress and compliance with the 
Design Report

• Review the weekly project summary reports prior to submittal to Georgia-Pacific
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• Prepare and certify the CCR

2.3.3 CQA Engineer/Data CoordinatorOfficer

The CQA Engineer (TO BE DETERMINEDDanielle Amber) will serve under the direction of the 
ER. The CQA Engineer will be knowledgeable of the project requirements and objectives
outlined in the Project Documents, construction/remediation techniques, and performance of 
associated QA/QC methods. The CQA Engineer will be a Professional Engineer licensed in 
Michigan. The CQA Engineer will have the following responsibilities related to implementation 
of the procedures in this CQAPP:

• Attend the pre-construction meeting

• Review daily construction reports prepared by the CQA Observer

• Serve as the contact person for the CQA team

• Maintain routine contact with the PC, ER, CQA Observer, and the Construction Field 
Manager (CFM) regarding conformance with QC requirements

• Review field and laboratory QA/QC testing results for conformance with the specifications 
provided on the Contract DrawingsTechnical Specifications (ARCADIS 2010a2011)

• Evaluate confirmation sampling data on a daily basis and make decisions regarding 
removal completion

• Maintain contact with laboratories and coordinate sample shipments and/or sample 
container requirements, as needed

• Evaluate consistency of cover system installation with the prescribed specifications

• Work with CQA Surveyor and CQA Drafter to collect, process, and review required survey 
data

• Interpret data to determine conformance and nonconformance with the specifications, and 
identify areas that require rework and/or repair

• Coordinate the activities of the CQA Observer
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• Perform periodic visits to the project area to review progress and compliance with the 
approved Design Report and QA/QC requirements

• Prepare weekly progress reports summarizing work activities and submit to the ER

2.3.4 QA Coordinator

The QA Coordinator (TO BE DETERMINED) will be responsible for QA/QC related to sampling 
and laboratory analyses performed as part of the remedial action. The QA Coordinator will 
have the following responsibilities and duties:

• Coordinate with and oversee work completed by the analytical laboratory

• Review laboratory data packages and perform data evaluation and validation (as 
appropriate)

• Coordinate field QA/QC procedures (including audits of field activities), concentrating on 
field analytical measurements and practices to meet the relevant data quality objectives 
(DQOs) presented in the Multi-Area Quality Assurance Project Plan (Multi-Area QAPP) 
(ARCADIS 2010b2010a)

• Perform audits and prepare audit reports

2.3.5 CQA Observer

The CQA Observer (TO BE DETERMINED) will work closely with the CQA Engineer and be 
knowledgeable of the project requirements and objectives (outlined in the Project Documents), 
construction/remediation techniques, performance of associated QA/QC methods, construction 
documentation, and applicable materials testing methods. The CQA Observer will be physically 
onsite during the removal action-related activities. The CQA Observer will have the following 
responsibilities in implementing the procedures in this CQAPP:

• Attend daily tailgate safety meetings

• Document procedures and results of laboratory testing at the frequency established in this 
CQAPP

• Delineate areas of nonconformance based upon the results of field and laboratory testing
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• Perform or observe (as appropriate) and document field sampling for QA/QC testing as 
described in this CQAPP and in the rest of the Project Documents

• Monitor the delivery of samples to the laboratory for testing

• Observe construction materials delivered to the work area to determine general 
conformance with material specifications

• Observe and record procedures used in site preparation

• Observe and record procedures used for installation and monitoring of erosion and 
sediment control measures

• Perform required water column turbidity monitoring and water column sampling

• Observe air monitoring and sampling activities (performed by others) for compliance with 
relevant requirements

• Observe installation of the cover system and record any inconsistencies with the 
prescribed technical specifications

• Record onsite activities that could result in damage to the work and immediately report 
these activities to the CQA Engineer

• Take color photographs, as required, to document observations and work in progress

• Prepare daily construction reports

• Observe habitat reconstruction activities

• Direct survey activities

2.3.6 CQA Surveyor

The CQA Surveyor (TO BE DETERMINED) must have a demonstrated knowledge of land and 
bathymetric surveying. Surveys for construction progress, testing and sampling locations, and 
verification of as-built information will be conducted by persons practiced in land survey 
techniques under the direction of a licensed Professional Land Surveyor. The CQA Surveyor
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will be responsible for collecting survey data as directed by the CPM and CQA Engineer, 
including, but not limited to: project support zones, soil/sediment excavation, habitat 
reconstruction activities, water treatment discharge locations, soil confirmation sampling 
locations, and final as-built elevations. The CQA Surveyor will work with a surveying supervisor 
to process data, perform QA/QC on collected data, identify missing survey data, and submit 
processed data to the CQA Drafter.

2.3.7 CQA Drafter

The CQA Drafter (TO BE DETERMINED) will coordinate with the CQA Engineer and the CQA 
Surveyor to collect, process, and review survey data required to document the completion of 
construction activities. The CQA Drafter will be responsible for producing drawings 
documenting construction of project support zones, soil/sediment excavation, habitat 
reconstruction activities, water treatment discharge locations, soil confirmation sampling 
locations, and final as-built elevations. The CQA Drafter will work with the CQA Engineer and 
Construction Project Manager to review survey data and identify additional data to be collected.

2.4 Construction Project Manager

The CPM (TO BE DETERMINED) will have overall responsibility for all aspects of the project, 
including CQA. As such, the Construction Project Manager will:

• Verify that all construction activities are completed in accordance with the Design Report

• Coordinate subcontractor activities and verify subcontractor qualifications

• Coordinate construction activities with the CFM and subcontractor(s)

2.5 Construction Field Manager

The CFM (TO BE DETERMINED) will have overall responsibility for all construction aspects of 
the project including the facilitation of CQA activities. The CFM reports directly to the CPM. For 
this project the CFM (or designate) will:

• Attend the pre-construction meeting and conduct daily work meetings

• Manage daily construction activities

• Keep a daily activity log for each day of construction (Daily Project Report)
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• Maintain daily contact with the CQA Observer and the Health and Safety Officer (HSO)

• Coordinate all subcontractor activities and verify all subcontractor qualifications

• Coordinate and schedule the proper completion of construction oversight tasks in the 
project area

• Develop a weekly report summarizing construction activities in the project area

• Submit material certifications to the CQA Engineer for review and approval

• Direct survey activities

2.6 Health and Safety Officer

The HSO (Charles Webster) will have overall responsibility for the technical health and safety 
aspects of the project, including review and approval of the Multi-Area Health and Safety Plan
(Multi-Area HSP) (ARCADIS BBL 2007a) and associated addenda. Modifications to CQA 
procedures will be reviewed with the HSO prior to implementation to verify the health and 
safety measures are appropriate and adequate. Specific inquiries regarding health and safety 
procedures during construction activities or CQA activities will be addressed to the HSO. The 
HSO must approve all changes or addenda to the Multi-Area HSP (ARCADIS BBL 2007a).

2.7 Health and Safety Supervisor

The Health and Safety Supervisor (HSS) (TO BE DETERMINED) will be responsible for the 
daily monitoring of health and safety during construction activities in the project area. The HSS 
will attend the daily and weekly progress meetings to discuss health and safety issues related
to construction activities and will report to both the CPM and the HSO.

2.8 Primary Contractor

The Primary Contractor (TO BE DETERMINED) will be trained and experienced in working 
with sheet pile installation, material processing and transportation, water treatment, installation 
of landfill cover systems, soil excavation, and other earthwork. The Primary Contractor will 
perform construction activities in accordance with the Project Documents Technical 
Specifications and Construction Drawings and the Multi-Area HSP (ARCADIS BBL 2007a) and 
associated addenda. 
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2.9 Other CQA Organizations

During the remedial action implementation, it will be necessary to employ other qualified 
professional organizations to complete the CQA activities, such as analytical testing 
laboratories. Other qualified professional organizations will be contracted as necessary.

2.9.1 Analytical Laboratories

The selected analytical laboratories are KAR Laboratories of Kalamazoo, Michigan and 
TestAmerica Laboratories Inc. of Burlington, Vermont. Both laboratories are approved by 
USEPA and certified to perform the required testing on soil, sediment, and water samples as 
specified in the Design Report and this CQAPP. 

Geotechnical and geosynthetic analyses will be performed by qualified laboratories as 
described in the Technical Specifications. Laboratory qualifications for the geotechnical testing 
are described in Specification Section 02311 (Residuals Consolidation) and Specification 
Section 02320 (Fill Materials). Laboratory qualifications for the geosynthetic testing are 
described in Specification Section 02072 (Linear Low Density Polyethylene Geomembrane) 
and Specification Section 02073 (Geosyntheticcomposite Drainage Composite).

Test data and reports completed by each laboratory will be submitted to the CQA Engineer, QA 
Coordinator, and CQA Observer. The CQA Engineer and the QA Coordinator will review the 
test data and coordinate response actions based on the data with the CQA Observer and CFM.

2.10 Other Subcontractors

Other subcontractors are those hired by the Owner (Georgia-Pacific), ARCADIS, or the 
Primary Contractor to perform certain construction activities in the project area. The need for 
specific subcontractors will be identified during later phases of the design and may include
firms with expertise in liner installation or habitat reconstruction, material suppliers, and 
surveying contractors, as necessary. All subcontractors must perform activities in strict 
adherence to requirements outlined in this CQAPP. Subcontractors must ensure timely 
submittal of CQA documents, facilitate the completion of CQA testing by others, notify the CQA 
Observer of issues related to CQA, participate in project meetings and planning, and comply 
with this CQAPP and Multi-Area HSP (ARCADIS BBL 2007a) and associated addenda.
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3. CQA Documentation Requirements

3.1 Project Meetings

The documentation of CQA activities will be used to support the determination of whether 
construction activities have been carried out in accordance with the Project Documents
(ARCADIS 2010a2011). The documentation process includes: recognition of construction 
tasks that will be observed and documented; assignment of responsibilities for the observation, 
testing, and documentation of these tasks; and completion of the required reports, data sheets, 
forms, and checklists to provide an accurate record of the work performed during construction.

The CQA Engineer will keep a record of completed and signed reports, data sheets, forms, and 
checklists, as described below, to document that the requirements of this CQAPP have been 
satisfied. Sections 4 through 11 of this CQAPP provide the details of these requirements.

3.1.1 Pre-Construction Meeting

Prior to commencing construction activities, the team will convene a Pre-Construction Meeting. 
This meeting will be conducted by the ER and include the Owner's Representative, CQA
Engineer, CPM, CFM, and appropriate regulatory personnel. 

The purpose of the Pre-Construction Meeting is to coordinate the implementation of CQA 
tasks, discuss the importance of following CQA guidelines to maintain quality and avoid delays 
in construction, and discuss the roles and responsibilities of CQA team members. It is 
important that the rules regarding CQA testing and repair be understood and accepted by each 
party. 

Specific activities to complete during this meeting may include: 

• Review critical design details of the project, including the Contract Construction Drawings

• Review the responsibilities of each party

• Review lines of authority and communication

• Review methods for documenting and reporting, and for distribution of documents and 
reports

• Review the time schedule for all operations



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\appendices\appendix h - cqapp\wb_a-site ou cqapp_03.09.11.docx 3-2
Created by: DA 3/9/2011
Project Number: B0064581.00670/B0064582.00670

Willow Boulevard/A-Site Landfill 
Operable Unit 2 - Construction Quality 
Assurance Project Plan

DRAFT FOR FEDERAL AND STATE REVIEW

• Observe where the project area survey benchmarks are located and review methods for 
maintaining vertical and horizontal control

• Review material testing program

• Review the survey documentation requirements

• Review testing acceptance criteria

3.1.2 Daily Work Meeting

Daily Work Meetings will be held at the beginning of each work day at the project area. The 
CFM (or designate) will coordinate the Daily Work Meetings. At a minimum, the Daily Work 
Meetings will be attended by the CFM, HSS, CQA Observer, and any subcontractors who may 
be working in the project area on that day. The purpose of these meetings is to:

• Briefly discuss the previous day’s work activities and issues/challenges encountered

• Review the work activities for the current day

• Review health and safety-related requirements

A summary of the Daily Work Meetings will be provided in the Daily Project Report, described 
below. 

3.2 Documentation 

The documentation of CQA activities is the most effective method of confirming that the CQA 
requirements have been fulfilled. The documentation process includes: 

• Recognition of construction tasks that will be observed and documented

• Assignment of responsibilities for the observation, testing, and documentation of these 
tasks

• Completion of the required forms, data sheets, and reports to provide an accurate record of 
the work performed during construction
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The CQA Observer will provide the CQA Engineer with fully completed and signed reports, 
forms, data sheets, and checklists to document that requirements of this CQAPP have been 
carried out. 

3.2.1 Daily Project Report

The CFM (or designate) will complete a Daily Project Report for each day of construction. The 
Daily Project Report will include the following information as appropriate for construction 
activities being performed:

• Name of person completing the report

• Date of activity

• Weather, including maximum and minimum temperatures and amount of precipitation

• Type of activity conducted

• Summary of all QA tests conducted, indicating which tests passed and failed specifications

• Documentation of discussions with regulatory oversight personnel

• Documentation of all variances and repairs

• Volume of treated water (as appropriate)

• Daily turbidity monitoring records

• Air monitoring records

• Sampling and analysis records

• Start/finish date for material excavation areas (as appropriate, to indicate if task was 
started, continued, or finished on that day)

• Start/finish date for installation of the cover system (as appropriate, to indicate if task was 
started, continued, or finished on that day)
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• Start/finish date for staging area construction (as appropriate, to indicate if task was 
started, continued, or finished on that day)

• Start/finish date for access road construction (if required, to indicate if task was started, 
continued, or finished on that day)

• Percent habitat reconstruction completion by area

• Type and quantity of species planted during habitat reconstruction activities

• Documentation of survey activities

• Documentation of regulatory approval for completion of material removal by area

A copy of the Daily Project Report to be used for the project is included as Appendix A. The 
Daily Project Report must be submitted to the CQA Observer with a copy to the project file no 
later than one day after each daily meeting.

3.2.2 Daily CQA Report

The CQA Observer will complete a Daily CQA Report of each day's construction activities. The 
Daily CQA Report will contain, at a minimum, the following information: 

• Date, project name, location, and report preparer's name

• Number and name of people onsite under the direction of the CQA Observer for 
conducting CQA tasks

• Time work starts and stops each construction work day; this information will also include 
any work stoppages due to inclement weather or insufficient equipment or personnel

• Data on weather conditions including temperature, humidity, wind direction and speed, 
cloud cover, and any precipitation events

• Contractor work force, equipment in use, and materials delivered to or removed from the 
project area
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• Chronological description of work in progress including any notices to or requests from the 
Primary Contractor

• Results, or a clear reference to where the results can be found, for relevant testing or 
maintenance inspections

• Identification of problems/deficiencies and corrective action(s) taken to document field 
problems and non-conforming materials or work

• Laboratory samples collected, marked, and sent to the outside testing laboratories will be 
clearly indicated in the daily CQA report by direct inclusion or by reference to the document 
containing such information; likewise, reference will be included for any test data submitted 
by any of the outside testing laboratories

• Accurate record of communications with other outside companies, regulatory agencies, or 
consultants regarding the day's construction activities

• Accurate record of calibrations or standardizations performed on field testing equipment, 
including actions taken as a result of recalibrations

• Accurate record of survey data collected

• Record of regulatory oversight, including a description of oversight activity, acceptance or 
non-acceptance (if applicable), time of oversight, name of regulatory agency and personnel 
completing oversight, and any specific oversight comments

A copy of the Daily CQA Report to be used for the remedial action is included as Appendix B.
Upon completion, the Daily CQA Report will be submitted to the CQA Engineer with a copy to 
the project file. The CQA Observer will prepare a weekly package including Daily CQA 
Reports, data, submittals, and other relevant documentation and submit it to the CQA Engineer 
on a weekly basis.

3.2.3 Soils CQA Records

The CQA Observer is responsible for keeping records of soils-related activities (e.g., materials 
placement and compaction). The information will be recorded as testing is done in the field or 
as results are received from the laboratory. The records will be available for review onsite, and 
copies will be issued as part of the CCR. The relevant forms are briefly described below.
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Field and Laboratory Compaction Test Log

The results of field and laboratory compaction tests will be recorded on the Field and 
Laboratory Compaction Test Log using ASTM D 698 Method A, B, C, D, and ASTM D 1557 
Method A, B, C. Separate forms will be used for each test method.

Field Sand Cone Density Test Log 

The results of the sand cone in situ density test on soils will be recorded on the Field Sand 
Cone Density Test Log. The results will be used for comparison or calibration with nuclear 
density test results.

Summary of Sieve Analysis Test Data 

This form will provide a summary of sieve analysis test results for soils.

Summary of Field Density Test 

This form will provide a summary of field nuclear density test results and sand cone test results 
for soils.

Summary of Index Laboratory Test Data 

This form will provide a summary of index test results performed in the laboratory as required 
for soils.

3.2.4 Geosynthetics CQA Records

The CQA Engineer is responsible for documenting the installation of geosynthetics as the work 
progresses. The records will be available for review onsite and copies will be issued as part of 
the CCR. Example CQA forms to be completed for geosynthetics are briefly described below.

Material Inventory

The identifying roll number and pertinent information for each roll of geosynthetic received at 
the site will be recorded on this form as the materials arrive. This information will be used to 
track manufacturer’s quality control information, conformance test samples, and other CQA 
documentation.
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Nondestructive Test Log

This form will be used to record the time, date, equipment operator, and results of vacuum box 
and/or air pressure testing of production geomembrane seaming operations.

Panel Placement Monitoring Log

This form will be used to record geomembrane panel numbers as they are placed in the field 
and to cross-reference the assigned panel numbers with roll numbers. The temperature, time, 
and weather conditions at placement will be recorded on the log. Measured dimensions used 
to calculate the area of the geomembrane will be recorded on the log.

Repair Summary Log

Information on repairs to geomembrane panels and seams will be recorded on this form. The 
information recorded will include a code to describe the type of repair, the name of the operator 
making the repair, the location (i.e., seam or panel location) of the repair, nondestructive testing 
results of the repair, and initials of the CQA Engineer observing the repair.

Seam and Panel Repair Location Log

The relative location of repairs to geomembrane panels and seams described in the Repair 
Summary Log will be recorded on this form. The results of destructive and nondestructive tests 
can be indicated in this log, as well as locations and results of thickness measurements taken 
for each panel. 

Destructive Test Log

This form will be used to record the results from testing performed on geomembrane seams at 
an independent testing laboratory or from an independent field laboratory. The results for both 
peel and shear will be recorded. The form will be completed as data are available.

Trial Seam and Seaming Log

This form will be used to record results of trial geomembrane seam testing and track production 
seaming activities. The time, temperature, type of seaming equipment used, and length of 
seam will be recorded.



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\appendices\appendix h - cqapp\wb_a-site ou cqapp_03.09.11.docx 3-8
Created by: DA 3/9/2011
Project Number: B0064581.00670/B0064582.00670

Willow Boulevard/A-Site Landfill 
Operable Unit 2 - Construction Quality 
Assurance Project Plan

DRAFT FOR FEDERAL AND STATE REVIEW

Certificate of Acceptance Subgrade Surface

The Certificate of Acceptance is required to be signed by the Geosynthetics Installer prior to 
the installation of any section of the secondary geomembrane liner. The area being accepted 
must be described on the certificate.

3.2.5 Forms, Checklists, and Data Sheets

The CQA Observer is responsible for preparing, in advance, any forms, checklists, and/or data 
sheets that will allow for a more expedient handling of data, communications, and routine 
observations. Any form, checklist, or data sheet prepared by the CQA Observer must be 
approved by the CQA Engineer prior to the start of construction work.

3.3 Construction Submittals

In accordance with the requirements of the Project Documents (ARCADIS 2010a2011), the 
Primary Contractor will provide construction submittals to the CQA Engineer for distribution and 
review. The Primary Contractor will provide the required submittals to the CQA Engineer a 
minimum of five calendar days prior to the intended use of the item covered by the submittal. 
Construction activities that require submittals will not be allowed to commence until submittal 
requirements are fulfilled as required by the Project Documents (ARCADIS 2010a2011). The 
CQA Engineer will respond to the Primary Contractor with a submittal status within three
calendar days of receipt of a submittal (unless otherwise specified). 

3.4 Post-Construction Submittals

In accordance with the SOW and Paragraph 52 of the CD, within 90 days of completion of all 
phases of the remedial action (excluding operation and maintenance [O&M] activities), 
Georgia-Pacific and ARCADIS will schedule a pre-certification inspection of the WB/A-Site OU, 
which will be attended by Georgia-Pacific, ARCADIS, and USEPA and will be open to 
attendance by MDNRE and other trustees. Within 30 days of the pre-certification inspection, 
ARCADIS (on behalf of Georgia-Pacific) will submit a written report requesting certification of 
the remedial action by USEPA for approval. The report will include the following items:

• Brief description of how outstanding items noted in the pre-certification inspection were 
resolved

• Explanation of modifications made during the remedial action to the approved Design 
Report and why these changes were made
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• As-built drawings, including vegetation established and erosion controls remaining in place

• Synopsis of the work defined in the SOW and a demonstration in accordance with the 
Performance Standards Verification Plan (PSVP; ARCADIS 2010c2010b) that 
performance standards have been achieved

• Certifications that the remedial action has been completed in full satisfaction of the 
requirements of the CD and SOW

• Description of how any remaining elements of the USEPA-approved O&M Plan will be 
implemented

• Summary of the respective mitigation objectives and the actions implemented to meet 
those objectives

• Certification that all work plans, specifications, and schedules have been implemented and 
completed in accordance with the respective plans approved by USEPA, including 
certification statement as outlined in Paragraph 52 of the CD (as specified below)

• Discussion of difficulties encountered during project implementation that may alter or 
reduce the effectiveness of an element of the remedial action and any implemented or 
planned corrective actions

• Discussion of any necessary modifications to the approved O&M Plan

As required by Paragraph 52 of the CD, “The report shall contain the following statement, 
signed by a responsible corporate official of Settling Defendant or Settling Defendant’s Project 
Coordinator:

“To the best of my knowledge, after thorough investigation, I certify that the information 
contained in or accompanying this submission is true, accurate and complete. I am 
aware that there are significant penalties for submitting false information, including the 
possibility of fine and imprisonment for knowing violations.”

In accordance with the SOW and Paragraph 53 of the CD, within 90 days of completion of all 
phases of the work (including O&M activities), Georgia-Pacific and ARCADIS will schedule a 
second pre-certification inspection of the WB/A-Site OU, which will be attended by Georgia-
Pacific, ARCADIS, and USEPA and will be open to attendance by MDNRE and other trustees. 
Within 30 days of the pre-certification inspection, ARCADIS (on behalf of Georgia-Pacific) will 
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submit a written report requesting a Notice of Completion of Work to USEPA for approval. The 
format of the report will be confirmed (between Georgia-Pacific and USEPA) upon completion 
of O&M activities.

3.5 Problem/Deficiency Identification and Corrective Action 

The CQA Observer will document any problems and/or deficiencies and corrective actions in 
the Daily CQA Report whenever any construction material or activity is observed or tested and
does not meet the requirements set forth in this CQAPP. The Daily CQA Report will be cross-
referenced to the forms, data sheets, checklists, and other reports that contain data or 
observations leading to identification of a problem or deficiency. Problem or deficiency 
identification and corrective action documentation may include the following information: 

• Description of the problem or deficiency, including reference to any supplemental data or 
observations documenting the problem or deficiency.

• Location of the problem or deficiency, including how and when the problem or deficiency 
was discovered. In addition, an estimate of how long the problem or deficiency existed will
be included. 

• Opinion as to the probable cause of the problem or deficiency. 

• Recommended corrective action for resolving the problem or deficiency. If the corrective 
action has already been implemented, the observations and documentation to show that 
the problem or deficiency has been resolved will be included. If the problem or deficiency 
has not been resolved by the end of the day on which it was discovered, the Daily CQA 
Report will clearly state that it is an unresolved problem or deficiency. 

If the problem or deficiency has not been resolved by the end of the day on which it was 
discovered, the ER, CQA Engineer, CFM, and CQA Observer will discuss the necessary 
corrective actions required to resolve the problem or deficiency as soon as possible.

The ER, working with the CQA Observer, will determine whether the problem or deficiency is 
an indication of a situation that might require changes to the plans and specifications and/or 
this CQAPP. The ER will schedule a meeting (as necessary) with the appropriate personnel to 
determine whether revisions to the plans or specifications will be made. Any revisions to the 
plans, specifications, or this CQAPP must be approved by the ER, the CQA Engineer, the PC, 
and the Owner. 
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In some cases, regulatory oversight and acceptance will be required prior to implementation of
the corrective action or activity modification. In such cases, the corrective action or modification 
will be submitted in writing to the relevant regulatory oversight agency for review and 
consultation. The regulatory oversight agency must respond within a reasonable amount of 
time to avoid any schedule delays. If the corrective action or modification is not accepted, the 
regulatory oversight agency will provide additional suggested corrective action(s) or 
acceptance criteria. All associated documentation will be filed by the CQA Observer.

3.6 Photographic Documentation 

The CQA Observer will take photographs to document observations, problems, deficiencies, 
and work-in-progress. Photographs will be in color print or electronic format and will be filed in 
chronological order in a permanent file maintained by the CQA Observer and/or CFM. 

The following information will be documented in a Photo Log Form for each photograph:

• Date and time (if not automatically documented on photo)

• Location where the photograph was taken, including information regarding the orientation 
of the photograph itself for proper viewing

• Description of the subject matter

• Unique identifying number (i.e., digital photo file number) for reference in other reports

A copy of the Photo Log Form to be used by the CQA Observer for the remedial action is 
included as Appendix C. The Photo Log Form will be updated on a daily basis. The Photo Log 
Form may not include all photos taken, but rather select photos documenting specific 
observations, problems, deficiencies, and work-in-progress.

3.7 Documentation Access

As indicated in Paragraph 103 of the CD, upon request, copies of all documents and 
information related to remedial action implementation will be provided to USEPA. Data may 
include, but is not limited to, the following:

• Sampling and analysis results

• Chain-of-custody records
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• Manifests

• Trucking logs

• Receipts

• Reports

• Sample traffic routing

• Correspondence

3.7.1 Record Retention

In accordance with Paragraph 106 of the CD, records, including those in electronic format, will be 
preserved and maintained for a minimum of 10 years after receipt of Notice of Completion of 
Work. At the conclusion of this document retention period, USEPA will be notified at least 90 days 
prior to the destruction of any records or documents.

3.8 Field Equipment Calibration Requirements

Instruments and equipment used to gather, generate, or measure field data will be calibrated at 
the intervals specified by the manufacturer or more frequently, and in such a manner that 
accuracy and reproducibility of results are consistent with the manufacturer’s specifications. In 
the event that an internally calibrated field instrument fails to meet calibration/checkout 
procedures, it will be returned to the manufacturer for service. Equipment found to be out of 
tolerance during the period of use will be removed from the field. Types of equipment that will 
be used during the remedial action include:

• Turbidity Monitoring Device (NexSens portable cellular telemetry system, YSI 650 MDS)

• Personal Data Real-time Aerosol Monitors (PDR): Thermal Electron Corp PDR-BP 100AN

• Other equipment as necessary

Field personnel will be responsible for confirming that a Field Equipment Calibration and 
Maintenance Log is maintained following the procedures specified for each measuring device.
Where applicable, each log will include, at a minimum, the following information:
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• Name of device and/or instrument calibrated

• Device/instrument serial/identification numbers

• Calibration method

• Tolerance

• Calibration standard used

• Frequency of calibration

• Date(s) of calibration(s)

• Name of person(s) performing calibration(s)

A copy of the Field Equipment Calibration and Maintenance Log is included as Appendix D.

3.9 Storage of Records

All original handwritten data sheets, including those containing signatures, and other reports 
will be stored by ARCADIS in a suitable repository either at an ARCADIS office or at an offsite 
location managed by a professional storage service (i.e., Iron Mountain) through the life of the 
WB/A-Site OU (i.e., through construction and maintenance period) or until USEPA agrees that 
the records no longer need to be stored.
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4. Mobilization and Site Preparation 

This section addresses the required construction observation and testing that must occur 
during the site preparation phase of construction. Construction Drawing 2 (ARCADIS 
2010a2011) provides an overview of the project area and associated remedial activities. 
Activities that require observation and testing will include, but may not be limited to:

• Mobilization

• Establishment of erosion and sedimentation controls

• Construction of material and equipment staging areas and construction of temporary 
access roads (if required)

• Construction of decontamination area(s)

These activities are discussed in further detail in Sections 4.1 through 4.4.

4.1 Mobilization

Mobilization activities will occur prior to beginning construction activities. Mobilization activities 
(at a minimum) will include the following:

• Mobilizing personnel, equipment, and materials necessary to complete the remedial action

• Establishing project support facilities (e.g., office trailers, sanitary facilities) and provisions 
for site security

• Constructing/marking out the work area(s), material and equipment staging area(s), and 
decontamination area(s)

• Locating and marking out subsurface utilities using Michigan Dig and a private utility-
locating agency, as necessary

The CQA Observer will observe the mobilization activities to document that the following 
activities are completed:
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• Equipment and construction-related materials are delivered to the project area in a clean 
and well-maintained condition

• Work area(s), material staging area(s), and decontamination area(s) are constructed in 
accordance with the Project DocumentsConstruction Drawings (in particular, the site 
preparation plan), or, in the event of a Contractor change to these areas, the Contractor-
submitted and Engineer-reviewed alternative layout.

• Subsurface utilities are located, field marked, and protected prior to completing any 
excavation activities

4.2 Erosion and Sedimentation Controls

The Primary Contractor will be responsible for the selection, installation, and maintenance of all 
temporary erosion and sediment controls implemented during the remedial action. Location-
specific erosion and sediment controls will be installed at each area consistent with the 
measures depicted on the erosion and sediment control drawings (ARCADIS 2010a2011). The 
specific locations of erosion and sediment controls may be modified in the field based on site-
specific considerations related to drainage, topography, and work activities. The selection of 
specific erosion and sediment control measures (either land- or water-based) was based in part 
on the scope of removal/grading activities, location and topography, type of ground cover, type 
of material to excavated, anticipated run-off from the project area, and operational/maintenance 
considerations.

During active work periods and throughout the duration of the project, temporary erosion and 
sediment controls will be inspected and maintained and/or modified on a regular basis, 
consistent with the recommended frequencies outlined in the Guidebook of Best Management 
Practices for Michigan Watersheds (MDEQ 1998). Temporary erosion and sediment controls 
will be maintained until habitat reconstruction activities have provided a final surface cover (as 
appropriate).

Material specifications for silt fence material from the silt fence manufacturer will be provided to 
the CQA Engineer prior to the delivery of material to the project area. Material specifications for 
the silt fence are included in the Project Specifications. The silt fence will be a non-woven, 
needle-punched, polyester or polypropylene silt fence. The silt fence must also meet the 
requirements of Michigan Department of Transportation (MDOT) 1990 Standard Specifications, 
Section 8.09.06.
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The CQA Observer will observe the erosion and sediment control measures deployed by the 
Primary Contractor, and will document those observations each day on the Daily CQA Report. 
Observed nonconformance with the Project Documents will be reported to the CQA Engineer 
and corrected promptly.

4.3 Material and Equipment for Construction of Staging Areas and Access Roads

During site preparation activities, material and equipment staging areas will be constructed. 
These areas will be used for staging and handling/loadout of materials and equipment. A 
decontamination area will also be constructed. It is currently anticipated that existing access 
roads across the OU will be adequate for work activities; however, there is the potential that 
additional roads may be needed to provide temporary access to certain locations of the project 
area. 

Fill will be used as necessary to grade a flat surface for access road, staging area, and 
decontamination area construction. Access roads (if required) will be constructed using 
geotextile fabric underlying aggregate material. 

The CQA Observer will make visual observations of the material staging areas, access roads
and stabilized construction surfaces daily. Nonconformance will be documented and reported 
to the CQA Engineer and corrected promptly.

4.3.1 CQA Documentation

In the decontamination area where geosynthetics will be required (see Section 4.4), the CQA 
Observer will document that the subgrade is prepared to meet required subgrade elevations
and free of irregularities, protrusions, and abrupt changes in grade. The geosynthetic installer 
and the CFM will inspect the subgrade area to verify that it is properly prepared. The CQA 
Observer will document the installer’s acceptance of the subgrade area.

If fill material, such as sand or topsoil, is required for use as a base for the staging area or 
access roads the following must be documented for any offsite borrow source that is used:

• Location

• Description of the soil

• Observation of roots, rocks, rubbish, or off-specification soil that is removed from the 
source material
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• Laboratory analytical testing (as described below)

Before using any borrow material for temporary access roads, staging areas, or grading 
activities, borrow material will be sampled at a rate of one composite sample per source area, 
or one composite sample per 10,000 cubic yards (cy), whichever is less. Composite samples 
will consist of nine subsamples collected from various regions of the fill material, to be selected 
in the field and biased towards any areas of staining, if present.

Borrow material samples will be analyzed for Target Compound List (TCL) volatile organic 
compounds (VOCs), TCL semi-volatile organic compounds (SVOCs), TCL pesticide/PCBs, 
Resource Conservation & Recovery Act (RCRA) metals, and total petroleum hydrocarbons 
(TPH; diesel range organics and gasoline range organics). Analytical results will be compared 
to applicable Part 201 cleanup criteria and Part 213 risk-based screening levels provided in 
Remediation and Redevelopment Division (RRD) Operational Memorandum No. 1, issued by 
the RRD of the Michigan Department of Environmental Quality (MDEQ) on December 10, 
2004. If no exceedances of applicable criteria are detected, that borrow material will be used 
for fill. Non-detections of analytical constituents will be assumed to be below criteria and 
therefore acceptable. Offsite borrow material will be considered not suitable if any detections of 
PCBs, VOCs, or SVOCs are identified by laboratory analytical analysis. If PCBs, VOCs, or 
SVOCs are detected or exceedances of other constituents are reported, the borrow material 
will not be used. 

The analytical laboratory testing will be conducted in accordance with the project Multi-Area 
QAPP (ARCADIS 2010b2010a).

4.3.2 Survey Location(s)

Staging areas, access roads (if required), pre-construction sample locations, and limits of 
construction areas will be surveyed as part of the mobilization and preparation activities. 
Planned locations of staging areas, access roads, and limits of construction will be staked prior 
to commencing associated construction activities. Staking and survey requirements for site
preparation activities are as follows:

• Access roads will be staked and surveyed every 100 linear feet and will include the outer 
limits of the road.

• Corner locations of each staging area pad will be surveyed.
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• Limits of construction will be surveyed and will include areas that have been cleared and 
are expected to be impacted as part of the remedial action. Limits will be staked and 
surveyed every 100 linear feet.

• Following installation, as-built locations of access roads and staging areas and temporary 
facilities will be surveyed.

Horizontal datum for survey information is State Plane, North American Datum of 1983 (NAD 
83), Michigan South Zone. Vertical datum is National Geodetic Vertical Datum of 1929 (NGVD 
29). Exact locations of the access roads, staging areas, and limits of construction will be 
determined in the field. Survey will be completed as a record survey only.

4.3.3 Thickness Verification

Thickness of the material used to construct access roads and staging areas will not require 
measurement due to the varying material thickness that may be required based upon subgrade 
conditions encountered. 

In other locations, thickness verification may be performed with hand excavations and direct 
depth checks using a tape, ruler, or probe. Elevation data may also be used to document 
thickness. This data will be collected at the direction of the CQA Engineer. Thickness data 
should be collected to document pre-construction, as-built, and post-construction conditions. 
Post-construction data will be collected after materials have been removed or installed, 
depending on the operation. The CQA Observer will document the results on the Daily CQA 
Report.

4.3.4 Tree Clearing

Vegetation will be cleared and grubbed from wooded areas to the extent required to allow the 
construction of staging areas, access roads (if required), project support areas, and cover 
system, as well as excavation of sediment/soil. Regulatory oversight personnel will be notified 
prior to all tree clearing activities. Regulatory oversight acceptance or non-acceptance for tree 
removal (if applicable), time of oversight, name of regulatory agency and personnel completing 
oversight, and any specific oversight comments will be documented.

4.4 Decontamination Area

Personnel and equipment that have come into contact with impacted materials onsite will 
require decontamination prior to leaving the work area or handling potentially non-impacted 
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materials. Decontamination of personnel and equipment will be completed within the 
constructed decontamination area(s) per the Project DocumentsConstruction Drawings and 
Technical Specification 02131 – Decontamination and Wipe Sampling of Equipment.

The decontamination area will be constructed by installing a layer of geotextile liner between 
two layers of geotextile fabric (collectively geosynthetics). The layers of fabric will serve to 
protect the liner from equipment damage and provide stability for the overlying aggregate 
material. Aggregate will be installed above geotextile materials to support equipment 
associated with decontamination activities. 

The CQA Observer will observe decontamination activities to document that the following 
activities are completed, including (but not limited to):

• Project equipment (e.g., excavation equipment, trucks, pumps, hand tools) that comes in 
contact with impacted materials is decontaminated prior to demobilization from the work 
area and prior to handling non-impacted or clean material (as described in detail in the 
specification Section 02131 – Decontamination and Wipe Sampling of Equipment)

• No visible soil, debris, or stains are present on the equipment surfaces upon arrival at the 
project area and prior to leaving the project area

• Equipment (e.g., pumps) is flushed using clean water and appropriate cleaning agents, as 
necessary

• Solids and other materials generated during equipment cleaning that require disposal are 
collected and consolidated with other materials on the landfills

The CQA Observer will request additional decontamination, as deemed necessary.

4.5 Maintenance Inspections 

Staging areas, access roads, and soil erosion control features including berms and silt fencing,
will be inspected weekly or after significant rain events for damage and compliance with this
CQAPP. Inspections will be detailed in the Daily CQA Reports. If repairs are needed, details
will be recorded by the CFM and the repair will be completed in accordance with the 
manufacturer’s or installer’s recommendations.
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5. Earthmoving Operations

Details and specifications related to the completion of earthmoving operations and cover 
system installation are located in the Project Documents (ARCADIS 2010a2011).

Earthmoving operations and cover system installation activities will be completed in two phases 
over a twothree-year period (with the majority of the work, excluding final removal of the 
sheetpile wall at A-Site, occurring in two construction seasons). Phase 1 construction activities 
will be performed at the Willow Boulevard Landfill (including the Willow Boulevard 
Drainageway) and Phase 2 construction activities will be performed at the A-Site Landfill 
(including the area south of the A-Site berm, the area east of Davis Creek, and the area near 
monitoring well AMW-3A). The ancillary areas adjacent to A-Site Landfill may be excavated 
during Phase 1 activities depending on conditions encountered in the field.

Soil/sediment will be removed from the river banks and ancillary areas of the OU using an 
excavator. Targeted material will be excavated from the shoreline and ancillary areas of the OU 
and consolidated within one of the landfills prior to installation of a cover system over the 
consolidated materials. The following sections summarize the CQA activities associated with 
material excavation, dewatering, transportation, and consolidation.

5.1 Materials Specifications Testing

Turbidity curtains of sheet pile will be used for sediment resuspension control during sediment 
and soil removal operations occurring along the river’s edge as detailed in the Project 
Specifications. 

The turbidity curtain manufacturer will provide certification to the CQA Engineer that the 
material meets the required specifications, and approximately 25 to 35 percent additional 
materials will be available onsite during construction for maintenance and repair purposes.

5.2 Testing and Inspection During Removal

During both Phase 1 and Phase 2 of the remedial action, testing and inspection activities will 
be conducted to verify that the removal-related requirements of the Project Documents are 
being met. The following sections discuss the removal testing and inspection activities that will 
be conducted as part of the soil excavation activities.
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5.2.1 Monitoring of Turbidity/Resuspension Controls

Turbidity/resuspension controls will be monitored in accordance with the PSVP (ARCADIS 
2010c2010b). The goal of turbidity monitoring is to verify that turbidity levels in the river are
maintained at acceptable levels. Real-time turbidity data will be collected daily from locations 
upstream and downstream of a given work area using turbidity monitoring devices with 
associated telemetry equipment. Downstream data will be compared to concurrent upstream 
data to identify increases in turbidity. In addition, inspections of the resuspension control 
systems will be conducted on a daily basis. In the event that downstream turbidity levels 
exceed upstream levels by an unacceptable margin, a range of mitigation measures will be 
implemented based on the magnitude of the turbidity changes noted. Surface water samples 
will be collected for PCB and Total Suspended Solids (TSS) analysis from locations upstream 
and downstream of removal areas on a weekly basis to monitor potential impacts on PCB 
concentrations, and to assess what, if any, increase in solids and PCB transport to downstream 
areas that may be attributable to construction activities.

5.2.1.1 Methodology

Real-time, direct-read turbidity readings will be collected by the CQA Observer (or designee) 
daily during periods when work is being performed adjacent to the river to identify construction-
related contributions, if any, to river turbidity levels. Turbidity monitoring devices with 
associated telemetry equipment will be installed at locations upstream and downstream of the 
removal area. The data will be logged continuously or at a time interval that provides a 
reasonably interpreted amount of data. The data will be processed to calculate a moving 
average on an hourly basis, and that hourly average will be compared to the prescribed action 
levels.

Weekly surface water grab samples will be collected by the CQA Observer for PCB and TSS 
analysis from mid-depth of the river channel. Sampling procedures, preservation and handling
methods, and analytical protocols for monitoring for PCB Aroclors will be consistent with 
USEPA Method 608, with a practical quantitation level not to exceed 0.1 micrograms per liter 
(µg/L) (in accordance with the Multi-Area QAPP [ARCADIS 2010b2010a]). Sampling 
procedures, preservation and handling, and analytical protocols for monitoring for TSS will be 
consistent with USEPA Method 160.2, with a practical quantitation level not to exceed 4 
milligrams per liter (mg/L). Necessary equipment includes:

• Appropriate transport containers and packing, labeling, and shipping materials (coolers) 
with ice
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• Appropriate sample containers and forms

• Backup hand-held unit (to be used if telemetry and data logger stop working)

5.2.1.2 Data Collection Frequency

At a minimum, turbidity readings will be taken from all locations at these times:

• Prior to placement of any equipment or materials in a work area

• Following placement of equipment and materials but prior to work activities alongside the 
river

• At the beginning of each work day, two hours after work has been initiated in a given work 
area

• Every hour during work activities alongside the river

• At the end of each work day after activities have been completed in a given work area

Other readings may be collected based on field conditions, such as if visible runoff to the river 
in the vicinity of a work area is observed, or as part of mitigation measures.

Surface water samples collected for PCB and TSS analysis will be collected on a weekly basis 
when work is conducted along the river bank. Whenever possible, sampling will be conducted 
on the same day of the week, and at approximately the same time during the day – samples 
will be taken two hours after the start of work activities for the particular day in conjunction with 
the collection of the turbidity reading.

5.2.1.3 Resuspension Control System Inspections

Inspections of the resuspension control systems used when working next to the river will be 
conducted each day at the beginning of removal activities. Inspections will also be conducted, 
as appropriate, in response to visible sediment plumes migrating from the work area or 
measured turbidity levels above the action level.

Routine daily resuspension control system inspections will consist of a surface assessment of 
the condition, location, and anchoring of curtains and flow deflector walls, if present. 
Inspections in response to turbidity levels above the action level metric will begin with a surface 
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inspection using a boat. If the cause of the turbidity exceedance cannot be determined through 
surface inspection (i.e., no visible damage, breach, tear, or dislocation), a hand-held turbidity 
meter or other appropriate methods will be used to further investigate.

If warranted, additional inspections may be conducted following higher-flow periods, noticeable 
turbidity increases outside the system, unexpected system position/behavior, contact with the 
system by equipment or debris, or other abnormal events.

5.2.1.4 Mitigation Measures

Mitigation measures may be taken based on the turbidity data obtained. Full details on 
mitigation methods are included in the PSVP (ARCADIS 2010c2010b).

5.2.2 Air Monitoring

Ambient air monitoring will be performed during construction activities to verify that remedial 
action activities do not violate rules prohibiting the emission of air contaminants in quantities 
that may have injurious effects on human health, animal life, plant life of significant economic 
value, and/or property as established in Part 55, Air Pollution Control, of the Natural Resources 
and Environmental Protection Act (NREPA) and the federal Clean Air Act. Air monitoring for 
PCBs and dust will be performed during material excavation and consolidation activities, and 
dust monitoring will be performed during cover system installation.

The ambient air monitoring program will follow method TO-4A of the Compendium of Methods 
for the Determination of Toxic Organic Compounds in Ambient Air (USEPA 1999) for sample 
collection and analysis. A high-volume (approximately 8 cubic feet per minute [cfm]) sampler 
will be used to collect volatile and particulate phase PCBs. The sampler will be operated 
continuously for 24 hours, then the sorbent and filter will be sent for laboratory analysis.

High-volume air sampling will be implemented throughout the remedial activities at the WB/A-
Site OU five locations (as presented in Section 5.1.2 of the Project DocumentsDesign Report),
and additional background monitoring will be performed at a sixth location across the 
Kalamazoo River to the northwest of the OU. Locations are subject to change during 
construction dependent on the location of active working areas (i.e., air monitoring will be 
performed around the Willow Boulevard Landfill during year 1 and around the A-Site Landfill in 
year 2 of construction). Rule 225(3) of Part 55, Act 451 as amended allows for a ten-fold 
increase in the secondary risk screening level (SRSL) of 0.02 microgram per cubic meter 
(µg/m3) if the ambient impacts occur on industrial property or public roadways. The action level 
for PCBs is therefore anticipated to be 0.2 µg/m3, which is ten times the SRSL.
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Sampling and analyses will be conducted daily for one full week (at least five days of sampling) 
at the start of excavation and at the start of consolidation. Samples will be collected during the 
entire workday. If the first weeks' data for each phase show that all concentrations at the 
property line of the OU are below the PCB action level (0.2 µg/m3) and similar activities will be 
conducted during subsequent weeks, the frequency of sampling and analyses may be reduced 
or terminated upon approval by USEPA. Following any reduction in sampling frequency, if the 
nature of the work changes significantly or exceedances are measured, air monitoring shall be 
reinstated if directed by USEPA. If the action level of 0.02 µg/m3 total PCBs is exceeded at any 
sample location, USEPA will be informed and corrective actions will be taken to reduce 
emissions from work zones at the OU.

The generation of dust is likely during installation of the cover system and other general earth 
moving activities. Dust control measures will be implemented as required under Rule 901 of 
Article II, Chapter 1, Part 55 (Air Pollution Control) of Public Act 451 of 1994. Primary 
measures to control dust include wetting excavation/filling areas, roads, stockpiles, and staging 
areas. Real-time air monitoring will be performed within the construction areas during 
construction activities. If the National Ambient Air Quality Standard (NAAQS) for suspended 
particulates of 150 µg/m3 is exceeded at any time, USEPA will be informed and corrective 
actions will be taken.

5.2.3 Notification of Release

In accordance with Paragraph 54 of the CD, in the event of a release of waste material from 
the project area that constitutes an emergency situation or may present an immediate threat to 
public health or welfare or the environment, immediate action will be taken and the CPM (or 
designate) will immediately notify the USEPA Project Coordinator (or, in the event of his/her 
unavailability, another authorized USEPA officer). All other requirements of the Multi-Area HSP 
(ARCADIS BBL 2007a) and associated addenda will also be followed.

In the event of any release of a Hazardous Substance from the project area, the CPM (or 
designate) will immediately notify the USEPA Project Coordinator and contact the National 
Response Center at 1.800.424.8802.

A written report must be submitted to USEPA within seven business days following a release.
The report, which must be prepared for each release, is required to provide the following 
information:

• Release event(s) that occurred
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• Measures taken or to be taken to mitigate any release or endangerment caused or 
threatened by the release

• Steps to prevent the reoccurrence of such a release

5.3 Residuals Consolidation

Following excavation of residuals and placement on the Willow Boulevard or A-Site Landfills, 
materials will be tested in order to confirm that their properties are consistent with (or are within 
an acceptable range around) the assumptions made during the remedial design. Technical 
Specification Section 02311 (Residuals Consolidation) provides details on specific testing 
requirements for these materials.

5.35.4 Post Removal

The following sections discuss the confirmation sampling activities that will be conducted after 
completion of the removal activities.

5.3.15.4.1 Confirmation Sampling

After excavation is believed to be complete within an excavation area, confirmation monitoring 
will be performed as described in the PSVP (ARCADIS 2010bc) to confirm that the design 
specifications (i.e., PCB concentration) have been achieved. Confirmation sampling will be 
conducted in the individual construction areas immediately following completion of an area (or 
as soon as practical) so that additional response actions, if necessary, can be carried out 
promptly before equipment is moved to the next location. Specific confirmation monitoring 
activities will vary according to the work area being monitored. 

5.3.1.15.4.1.1 Sample Collection and Data Review

Sample grids will be generated by the CQA Engineer and CQA Drafter. The grids and sample 
locations will be marked in the field by the CQA Surveyor and sample collection will be 
performed by the CQA Observer. Sampling locations will not be surveyed after collection 
unless the location changed due to field conditions. Sample dates, locations, times, and any 
problems of deviations from the sampling plan will be recorded in the Daily CQA Reports.

All analytical laboratory sampling and analysis will be conducted in accordance with the Multi-
Area QAPP (ARCADIS 2010b2010a).
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Sampling results will be reviewed upon receipt by the CQA Data Coordinator. The CQA Data 
Coordinator will inform the CFM and CQA Observer of sampling results and direct additional 
excavation, if necessary. The QA Coordinator will receive electronic data from the laboratories 
and will be responsible for data validation and entering the data into the project database. The 
CFM will discuss the results of the sampling data with USEPA to confirm completeness of 
excavation. The approval of USEPA that excavation is complete in a Removal Area will be 
recorded in the Daily Reports.

5.3.1.25.4.1.2 Survey of Confirmation Sample Locations

Confirmation sample locations for each removal area (as appropriate) will be surveyed to 
document sample locations.

5.3.1.35.4.1.3 Excavation activities for the Willow Boulevard Setback and Removal of the A-
Site Sheetpile Wall

Excavation along the northern and western boundary of Willow Boulevard will be performed 
using visual cleanup criteria. Confirmation sampling will therefore not be required, however 
survey points will be taken at the bottom of excavation. For the area behind the A-Site 
sheetpile wall and along the A-Site bank next to Davis Creek, it is also anticipated that no
confirmation sampling will be required because the material in these locations is assumed to be 
clean (following the results of the pre-design investigation). It is anticipated, however, that a 
portion of the excavated material will be able to be reused for select backfill around the A-Site 
Landfill or as a portion of the drainage layer of the cover system. Clean material anticipated 
from around the A-Site Landfill will be separated using visual criteria, staged separately, and 
then sampled at a rate of two composite samples (formed from six sub-samples taken from 
random areas, both at and below the surface of the stockpile) per 10,000 cy to establish its 
suitability. 

If residuals are encountered during excavation and regrading of the berm, they will be 
relocated within the footprint of the final cover system to the extent practicable. After 
excavation, the area will be backfilled with clean soil (or reused soil as explained above).
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6. Construction Dewatering, Soil/Sediment Drainage, and Water Treatment

Details and specifications related to the completion of construction dewatering, soil/ sediment
drainage, and water treatment tasks are described in Section 4.7.2 of the Project 
DocumentsDesign Report and Technical Specification 02240 – Dewatering and Water Treatment.
Dewatering includes draining water from the excavated soil/sediment so it is suitable for 
consolidation below the final cover system.

6.1 Material Specifications and Testing

Stormwater that comes in contact with PCB-containing soils/residuals or sediments will be 
collected and contained onsite, treated at a temporary onsite water treatment system, and 
sampled to verify that the water meets the appropriate standards prior to being discharged.

The onsite water treatment system is expected to include the following primary components:

• Influent storage/gravity settling tanks

• Multimedia filtration

• Granular-activated carbon vessels

• Final effluent storage tanks

The Primary Contractor will operate and maintain the onsite water treatment system. The design 
of the water treatment system will be reviewed by the CQA Engineer. The CQA Observer will 
observe assembly of the water treatment system to document that the appropriate components 
have been installed as designed.

Treated effluent will be retained in the effluent storage tanks and sampled by the CQA Engineer in 
accordance with the Substantive Requirement Document (SRD). The parameters included in the 
following section are based on the SRD.

The SRD will likely be issued to continuously treat and discharge water. However, it is anticipated 
that the water treatment system will generally be operated in batch mode. As such, effluent water 
can be held and sampled prior to discharge. The water treatment system will only operate in 
continuous mode when the volume of water to be treated exceeds the storage capacity for treated 
water.
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Upon delivery and prior to use, the carbon media supplier will provide certification that the carbon 
meets any specifications included in the SRD.

If a flocculent is utilized to control TSS in the effluent, the supplier will provide a certification that 
the flocculent meets relevant MDNRE specifications. All specifications will be reviewed by the 
CQA Engineer prior to use. The flocculent will be approved by USEPA and MDNRE prior to use.

6.2 Dewatering Discharge Monitoring

Dewatering system discharge monitoring will be conducted in accordance with Section 4.7.2
(Material Dewatering and Water Treatment) of the Design Report and in accordance with the 
expected requirements of the SRD.

Treated effluent from the onsite water treatment system will be sampled and analyzed to verify 
that the water meets appropriate standards prior to discharge into the Kalamazoo River. Outfall 
locations will be established to discharge treated water to the river. These outfall locations will be 
surveyed upon installation.

The parameters that are expected to be measured as part of the dewatering system discharge 
monitoring plan (pending the issuance of the SRD) are summarized in Table 6-1 (below).
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Table 6-1 Dewatering System Discharge Monitoring Plan Summary

Parameter Frequency Sample Type

Influent Monitoring

Total PCBs (USEPA Method 608) Weekly Grab

Intermediate Stage Monitoring

Total PCBs (USEPA Method 608) Weekly Grab

Discharge Monitoring

Flow Daily1 Report Total Daily Flow

Total PCBs (USEPA Method 608) Weekly Grab

TSS (USEPA Method 160.2) Weekly Grab

Total Phosphorus as P (USEPA Method 365.3) Monthly Grab

Equipment Inspection 3x per week Visual

Outfall Observation Daily1 Visual
Notes:

1. Daily monitoring to be performed only on days when discharging

• The daily discharge limitations are will be 0.20 •g/L for PCBs and 45 mg/L for TSS

• The average monthly discharge limitations are 1.6 x 10-7 pounds per day for PCBs and 30 
mg/L for TSS

• There are no daily or monthly discharge limitations for total phosphorus

The parameters listed above are based on continuous discharge. At the discretion of the CQA 
Engineer and the CQA Observer, samples may be collected more than once a week.

The CQA Engineer will be contacted and system filter and carbon change outs will be considered
if any of the following results are recorded:

• TSS levels are 40 mg/L in the effluent

• PCBs are detected in the effluent
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• PCBs are detected in the mid-fluent (intermediate stage)

• The carbon has not been removed for six months

• The flow-rate reduces by more than 20 percent of the initial or after change-out reading over 
three consecutive readings

The CQA Observer will observe collection of the water samples from the water treatment system 
to document that sampling activities are completed in accordance with the SRD. Results of the 
analytical testing will be reviewed by the CQA Data Coordinator and the QA Coordinator. Any 
exceedance of the discharge limits will be reported to the CQA Engineer and appropriate 
modifications will be made immediately to the onsite water treatment system (with subsequent 
testing). When the analyses are applicable to water that has not yet been discharged, re-
treatment of the batch will be required.

The discharge monitoring records will be summarized once each month by the CQA Engineer and 
CQA Observer. These summaries will be kept onsite and available for review by USEPA or 
MDNRE as requested.

6.2.1 Visual Inspection of System Components and Discharge

Visual inspection of the treatment system components and discharge will be performed as 
required by the SRD. Treatment system components including pumps and associated system 
piping will be inspected two times per day to observe for signs of leaks, mechanical noises, and 
vibrations (indicating signs of potential pump or component failure); and all tanks, pipes, hoses, 
and associated connections will be inspected at a minimum of three times per week for leaks or 
other signs of potential failure (e.g., cracked or leaking couplings, leaking valves, etc.). In addition, 
system discharge must be observed two times per day to identify signs of unnatural turbidity, 
color, oil films, floating solids, settleable solids, suspended solids, or foams. These observations 
will be documented in the Discharge Monitoring Report (Appendix E) and in the Daily CQA 
Reports. Changes in system discharge characteristics must be reported in accordance with the 
requirements of the SRD.
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7. Final Cover System Construction Quality Assurance

Installation of the final cover system of the Willow Boulevard and A-Site Landfills is scheduled to
be performed in two phases. The consolidated materials, in situ soils, or backfilled areas will 
constitute the subbase for the final cover system. Upon completion of the backfilling and grading 
activities associated with the consolidation of the residuals and establishment of the subbase, the 
installation of the cover system will commence. The cover system will consist of a gas-venting 
layer, linear low density polyethylene (LLDPE) flexible membrane liner (FML), a geosynthetic 
drainage composite, a soil protection layer, and a vegetative soil layer.

The soil layers composing the backfill and grading materials, and cover system will be installed 
and tested in accordance with the procedures discussed in this section of the CQAPP. The 
geosynthetic materials utilized in the construction of the cover system will be installed in 
accordance with the procedures discussed in this section of the CQAPP.

7.1 Description of Final Cover

7.1.1 Soil Components

The minimum required properties for each soil component are summarized, as described below 
and further defined in Section 4.5 of the Project DocumentsDesign Report and Technical 
Specifications 02320 – Fill Materials and 02922 – Vegetative Soil Seeding and Mulch.

7.1.1.1 General Fill

Prior to installation of the final cover system, backfill materials will be laid as necessary for grading 
and will consist of residuals from the areas excavated at the perimeter of the OU, and materials 
generated during clearing and grubbing activities. General fill may also be used as final cover 
subgrade material where necessary, to form a smooth subbase.

7.1.1.2 Gas-Venting Soil

The gas-venting layer will be comprised of soil sufficiently permeable to collect and transmit 
landfill gases to the gas vents. The gas venting layer will also serve as a cushion layer upon which 
the LLDPE FML will be placed.
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7.1.1.3 Barrier Soil Protection Layer Soil

The 24-inch thick soil barrier protection layer, which will be installed on top of the LLDPE FML, is 
used to protect the FML from puncture, frost action, root penetration, or other damage that could 
potentially jeopardize the integrity of the LLDPE FML. The barrier soil used in this protection soil
layer will be free of potentially deleterious materials.

7.1.1.4 Vegetative Layer Soil

The vegetative layer will be installed on top of the barrier soil protection layer to promote 
vegetative growth over the landfill, prevent erosion, increase evapotranspiration of precipitation, 
and enhance the appearance of the landfill.

The vegetative layer soil will be free from refuse, material toxic to plant growth, woody vegetation, 
stumps, roots, brush, clods of clay, and stones. Sod and herbaceous growth such as grass and 
weeds do not have to be removed but should be mixed thoroughly into the soil during pre-
installation handling operations. The vegetative soil will have an organic content sufficient to 
support a strong stand of vegetation. To promote the integrity of the cover system and prevent 
erosion of the vegetative layer, seeding to establish vegetation will occur as significant areas of 
the cover system are completed.

7.1.2 Geosynthetic Components

The minimum required properties for each soil component are summarized, as described below 
and further defined in Section 4.5 of the Design Report and Technical Specifications 02072 –
Linear Low Density Polyethylene Geomembrane and 02073 – Geosynthetic Drainage 
Composite,the Project Documents.

7.1.2.1 Linear Low Density Polyethylene Flexible Membrane Liner

The LLDPE FML is a low-permeability barrier constructed to minimize migration of precipitation 
into the landfill and will be installed on top of the gas-venting layer.

7.1.2.2 Geocomposite Drainage LayerGeosynthetic Drainage Composite 

A geocomposite drainage layergeosynthetic drainage composite (GDC), directly manufactured as 
a geotextile fabric/geonet/geotextile fabric composite, will be used in the final cover system to 
collect and convey infiltration water.
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7.2 Pre-Installation Procedures

Prior to the installation of the cover system, initial backfilling and grading activities will be 
performed to prepare the landfills for closure. A summary of these activities follows:

• Existing woody vegetation, including trees and shrubs will be removed prior to 
commencement of backfilling operations

• Residuals presently located around the perimeter of the OU shall be consolidated at the 
Willow Boulevard and A-Site Landfills

• Materials around the perimeter of the landfills will be regraded to establish final slopes and 
required setbacks for final cover construction

The final cover subgrade will be evaluated by the CQA Observer to verify that it is properly 
compacted, smooth, and uniform prior to installation of the final cover. Installation procedures for 
the final cover soils and the geosynthetics are included as part of the Project Documents, in 
particular, Technical Specifications 02072 – Linear Low Density Polyethylene Geomembrane, 
02073 – Geosynthetic Drainage Composite, 02320 – Fill Materials, and 02922 – Vegetative Soil 
Seeding and Mulch.

7.3 Testing and Evaluation of Cover System

A QA/QC testing program will be performed on the soil layers and geosynthetics installed as part 
of final cover construction. The QA/QC testing and evaluation will be performed prior to and during 
construction in accordance with the Project Document Technical Specifications 02072 – Linear 
Low Density Polyethylene Geomembrane, 02073 – Geosynthetic Drainage Composite, 02320 –
Fill Materials, and 02922 – Vegetative Soil Seeding and Mulchs , and the items summarized 
below.

7.3.1 Pre-Construction Soil Testing

Each proposed source of project soil materials (regardless of whether the source is onsite or 
offsite) will undergo pre-qualification testing to confirm that it will meet the project specifications.

The pre-qualification testing will be provided by the Primary Contractor or the Owner, utilizing the 
CQA Laboratory or another independent geotechnical testing laboratory approved by the ER. For 
each individual soil material type, the specific tests and test methods that are to be used for the 
pre-qualification testing are described in the Project DocumentsTechnical Specifications 02072 –
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Linear Low Density Polyethylene Geomembrane, 02073 – Geosynthetic Drainage Composite, 
02320 – Fill Materials, and 02922 – Vegetative Soil Seeding and Mulch.

The results of the pre-qualification testing will be submitted to the CQA Engineer and the ER. The 
test results will be reviewed and acted upon (accepted or rejected) by the CQA Engineer. As 
necessary, additional testing of the proposed material source may be requested at the discretion 
of the CQA Engineer as part of the evaluation of the test data. Additional source testing may also 
be requested by the CQA Engineer throughout construction, in response to indications of potential 
material property changes.

A pre-construction analysis of the general fill, gas-venting layer, soil protection layer, and 
vegetative soil will be performed on samples obtained from the proposed sources to determine if 
the proposed sources of material will be suitable for use during construction. Before a proposed 
source has been evaluated, the owners of the source must have demonstrated that a sufficient 
quantity of material is available from the source for construction.

7.3.2 Pre-Construction Geosynthetics Testing

Quality Control documentation from the geosynthetics manufacturer will be obtained by the CQA 
Engineer for each type of geosynthetic. Specific geosynthetic quality control documentation that is 
to be obtained by the CQA Engineer for the proposed construction is included in the Project 
DocumentsTechnical Specifications 02072 – Linear Low Density Polyethylene Geomembrane 
and 02073 – Geosynthetic Drainage Composite.

7.3.3 Soil Testing During Construction

Visual analyses of the general fill, gas venting soil, soil for the 24-inch thick barrier protection layer
soil, and vegetative layer soil will also be performed by the CQA Observer(s) during construction 
to verify conformance with the material characteristics requirements of the Project 
DocumentsTechnical Specifications 02320 – Fill Materials and 02922 – Vegetative Soil Seeding 
and Mulch. Verification of the application rates for the seed, fertilizer, and mulch on the vegetative 
layer to determine conformance with the construction specifications will also be performed by the 
CQA Observer(s) during construction. The Primary Contractor will also be required to provide 
compaction and thickness verification for the soils as defined in the Project 
DocumentsConstruction Drawings and Technical Specifications 01720 – Construction Surveying,
02311 – Residuals Consolidation, and 02320 – Fill Materials.
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7.3.4 Geosynthetics Testing During Construction

Visual analyses of the geosynthetic materials and installation procedures will also be performed 
by the CQA Observer(s) during construction to verify conformance with the requirements of the 
Project DocumentsTechnical Specifications 02072 - Linear Low Density Polyethylene 
Geomembrane and 02073 – Geosynthetic Drainage Composite. Verification of trial welds and 
destructive and non-destructive testing of all seams of the LLDPE FML will also be performed by 
the CQA Observer(s) during construction. The Primary Contractor will also be required to provide 
QA/QC documents pertaining to the installation activities as defined in the Project 
DocumentsTechnical Specifications 02072 - Linear Low Density Polyethylene Geomembrane and 
02073 – Geosynthetic Drainage Composite.

7.3.5 Reporting

The CQA Observer(s) will summarize activities associated with the preparation of the subgrade, 
soils testing and placement, and final cover system installation in each Daily CQA Report. The 
daily reports will include, at a minimum, observations, test results, problems encountered, and 
solutions achieved.

7.4 Conformance Testing and Acceptance

Additional testing may be conducted, as necessary, for sufficient evaluation of the proposed 
material. Additional testing may also be conducted at increased frequencies at the discretion of 
the CQA Engineer, if on-going visual observations indicate a potential concern with the soil 
material properties. Mandatory conformance testing will not be provided for the soil materials.
Conformance of the onsite and/or delivered soils will be provided by the CQA Engineer based on 
visual observations. Testing of the soils will be done at the discretion of the CQA Engineer, if on-
going visual observations indicate a potential concern with the soil properties.

Conformance testing will be routinely required for the geosynthetic materials in accordance with 
the Project Documents. Conformance review and acceptance of delivered geosynthetics will be 
provided by the CQA Engineer by visual inspection. Any non-conforming materials will be 
rejected. Field and laboratory conformance testing will be conducted by and at the discretion of 
the CQA Engineer, in response to potential concerns identified by the visual inspection program.

7.5 Construction Observation and Testing

Periodic construction testing will be conducted by the CQA Engineer to confirm that the soils were 
placed in accordance with Technical Specifications 02072 - Linear Low Density Polyethylene 
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Geomembrane and 02073 – Geosynthetic Drainage Compositethe Project Documents. These
Project Specifications identify the tests, test methods, and testing frequency that will be performed
by the CQA Engineer for construction testing. For some materials, visual observation will be the 
primary means used by the CQA Engineer to confirm appropriate placement.

The CQA Engineer will use the results of the construction testing program for evaluation of 
acceptance or rejection of the placed soils. Additional construction testing will be provided at the 
discretion of the CQA Engineer, as necessary, for sufficient evaluation. All rejected soils will be 
removed and replaced by the Primary Contractor.

7.6 Defects and Repairs

The Technical Specifications (in particular 02072 – Linear Low Density Polyethylene 
Geomembrane, 02073 – Geosynthetic Drainage Composite, 02320 – Fill Materials, and 02922 –
Vegetative Soil Seeding and Mulch)The Project Documents prescribe detailed measures for the 
Primary Contractor to follow in the event that defects or the need for repairs are identified for the 
placed soils. The CQA Engineer will monitor (and test, as necessary) the soil removal and repair 
work. All CQA testing provisions applicable to the individual soil type will be provided for the repair 
work.

Defects and repairs for the geosynthetic materials will be provided as described in the appropriate 
sections of the Project Documents (in particular 02072 – Linear Low Density Polyethylene 
Geomembrane and 02073 – Geosynthetic Drainage Composite). As described in these sections, 
all repairs will undergo inspection and monitoring by the CQA Engineer. 

7.7 Layer Thickness Evaluation

The thickness of each soil layer shall be evaluated by directly measuring the layer (using hand 
measurements or other means) and/or by checking survey results of the top and bottom of the 
layers.
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8. Surveying

The plan for CQA surveying has been prepared as a guide for the CQA Surveyor for verifying that 
the constructed products meet the tolerances identified in the Project Documents, and preparing 
certification record drawings. Surveying will be conducted on an ongoing basis during construction 
of the soil and geosynthetics components of the liner system. The following sections describe the 
duties of the CQA Surveyor and other surveying personnel.

8.1 Personnel

Surveying will be performed under the direct supervision of a qualified Land Surveyor registered in 
the State of Michigan. The survey crew will consist of the crew chief and surveying assistants (as 
required to satisfactorily undertake the work). Surveying personnel will be experienced in 
providing all typical surveying services and will generate detailed, accurate documentation.

8.2 Surveying Activities

The surveying activities that will be performed are presented in the Project DocumentsTechnical 
Specification 01720 – Construction Surveying.

The CQA Surveyor will locate the permanent benchmarks established during pre-design activities
and establish any new benchmarks necessary using standard surveying practices. The vertical 
and horizontal controls for benchmarks will be confirmed by the surveyor using normal land 
surveying standards before the start of any certifying surveying work. The CQA Observer will 
verify that the coordinates and elevation of the benchmarks have been checked.

The CQA Surveyor will survey surfaces at a sufficient density to show the topographic conditions 
of each surface and at points of changes in slope or grade, including locations related to all pipes, 
swales, and any other location identified by the CQA Observer. At a minimum, surveys will be 
conducted of the following surfaces:

• top of consolidated residuals

• top of gas venting layer

• surface and limits of the GDC and geomembrane liner (including seam locations, as identified 
by the CQA Engineer)

• top of soil protection layer
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• top of vegetative soil

• top of access road general fill and aggregate layers

• alignment of geosynthetics anchor trench

Acceptable tolerance on survey coordinates will be as defined in the Project DocumentsTechnical 
Specification 01720 – Construction Surveying.

The survey instruments used for this work will be sufficiently precise and accurate to the meet the 
needs of the project. Survey instruments will be capable of reading to a precision of 0.05 feet and 
with a setting accuracy of 10 seconds. Calibration certificates for all survey instruments will be 
submitted to the CQA Engineer before starting surveying activities.

Surveying will be performed as soon as possible after completion of a particular part of the 
construction to facilitate progress and avoid delaying construction of the next feature. The CQA 
Surveyor may also make spot checks during construction as necessary to assist the Primary 
Contractor in complying with the required grades. However, surveying for the purpose of 
controlling the work is the responsibility of the Primary Contractor.

Survey results will be certified by the CQA Surveyor and submitted to the CQA Engineer for 
review.

8.3 Documentation

Original field survey notes will be retained by the CQA Surveyor. A copy of these notes will be 
given to the CQA Engineer at the end of each surveying task. The CQA Surveyor should produce 
record plans for the CQA Engineer as the job progresses. The results from the field survey will be 
documented on a set of record plans. At a minimum these plans will show the final elevations of 
the surfaces listed in Section 8.2 (above) at a scale of 1 inch equals 50 feet, with contour intervals 
no greater than 2 feet.
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9. Habitat Reconstruction

Long-term protection from erosion after construction will be provided throughout the project
area primarily by planting native vegetation. The establishment of vegetation within the project
area will be accelerated by seeding and planting species selected for the desired habitat types. 
The habitat reconstruction design includes reestablishing native plant communities while 
incorporating bank stabilization measures (including the use of bioengineering techniques and 
habitat stone) to resist erosion adjacent to waterways. Bank stabilization and habitat 
reconstruction requirements are presented within the Project DocumentsConstruction 
Drawings and Technical Specifications 01571 – Erosion and Sediment Control, 02315 –
Excavation and Backfill, 02207 – Restoration of Surfaces, 02921 – Restoration Plantings, and 
02922 – Vegetative Soil Seeding and Mulch.

9.1 Materials Specifications Testing

9.1.1 Habitat Stone

Stone protection will be incorporated into the riparian corridor of the WB/A-Site OU. Stone will 
be installed from the riverbank’s toe of slope to the 2-year flood level. As recommended in 
guidance issued by the State of Michigan (MDEQ 1998), a non-woven geotextile fabric will be 
installed prior to rock placement to protect against erosion behind the rock. The stone will be a 
6-inch mean diameter (D50) rounded to subangular stone.

The stone supplier will provide certification to the CQA Observer that the stone meets the 
required specification. If no certification is available, the CQA Observer will inspect and 
approve of the stone source prior to use. Stone must be hard, durable and rounded as well as 
free of soil, debris, and other deleterious materials. 

9.1.2 Geotextile

A geotextile fabric will be installed prior to stone placement to protect against erosion behind 
the stone. The geotextile will be a non-woven, needle-punched, polyester or polypropylene 
material. Prior to the delivery of any geotextile rolls to the project area, material certifications 
from the manufacturer must be provided to the CQA Engineer. The manufacturer is required to 
inspect rolls prior to shipment to verify they are free of holes and other signs of contamination 
by foreign matter.
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The geotextile manufacturer must provide certification of the material, based on tests 
performed in accordance withwith the criteria set out in Technical Specification 01571 –
Erosion and Sediment Controlthe Project Documents.

Tests may be performed by the geotextile manufacturer's laboratory or a laboratory contracted 
by the manufacturer. Additionally, the manufacturer will provide certification that the 
manufacturer's quality control plan was fully implemented for the geotextile materials supplied. 
The manufacturer must provide documentation to verify the results of the manufacturer's 
certification if required by the CQA Engineer. 

The geotextile rolls will be tested and evaluated prior to acceptance. The CQA Engineer may 
perform/require additional testing (i.e., conformance testing) as required in the Project 
Documents or as necessary, based on professional judgment of the CQA Engineer to verify 
that the geotextile meets the specifications. 

9.1.3 Vegetative Soil

A vegetative soil layer is proposed across all disturbed areas of the WB/A-Site OU to promote 
seeding/planting growth, with the exception of areas of open water habitat. The vegetative soil 
will be imported from a commercial source.

Topsoil will also meet the physical and chemical characteristics and the required acceptance 
criteria specified in Specification Section 02922 – Vegetative Soil, Seeding and Mulch.

Vegetative soil material must be analyzed for pH using ASTM D2974, Organic Content using 
ASTM D2974, Soil Classification using ASTM D2487, and grain size using ASTM D422 at a 
rate of one sample per 10,000 cy. In addition, vegetative soil will be sampled and analyzed as 
described in Section 4.3.1. 

9.1.4 Vegetation

Long-term protection from erosion after construction will be provided throughout the restored 
bank areas primarily by planting native vegetation. The establishment of vegetation within the 
habitat reconstruction areas will be accelerated by seeding and planting species selected for 
the specific habitat types identified in the project areas. All seeding and planting in 
reconstruction areas will be performed in accordance with the Project DocumentsConstruction 
Drawings and Technical Specification 02921 – Restoration Plantings.
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The local nursery providing the seed/plant stock will provide certification to the CQA Observer 
that all seed and plant material meet the required specifications.

The amount of seed and plant stock received will be recorded. The habitat reconstruction 
subcontractor will submit daily reports to the CFM documenting number of plants planted by 
habitat type. The total planting numbers will be used to document completion of revegetation 
as well as post-construction survivability.

The CQA Observer will document the type and quantity of species planted each day and in 
each area. This information will be totaled at the conclusion of the project. The quantity of 
species planted will be compared to the quantity and types of species purchased to verify 
plantings in each area. A copy of the Seeding and Planting Log is included in Appendix F.

9.1.5 Erosion Control Mat and Mulch

Additional temporary erosion protection for restored areas will be provided by biodegradable 
erosion control mat between the 2-year and 100-year flood flow elevations within the riparian 
corridor. Straw mulch will be applied to all remaining seeded areas within the habitat 
reconstruction areas that are not covered by erosion control mat. In addition, wood mulch may 
be used around newly planted trees. Materials and installation methods shall be in accordance 
with the Project DocumentsTechnical Specifications 02921 – Restoration Plantings and 02922 
– Vegetation Soil Seeding and Mulch.

The erosion control mat supplier must provide certification to the Primary Contractor that the 
required specifications are met. All mulch used will be from an onsite source and therefore will 
not require certification. At a minimum, the following will be documented for each mulch source:

• Location

• Description of the much (type of wood, condition, relative moisture)

• Observation of roots, rocks, rubbish, contained and removed from the mulch

• Volume of mulch that is placed from each source
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9.2 Installation Testing and Inspection

9.2.1 Habitat Reconstruction Monitoring 

Habitat reconstruction monitoring will be conducted in accordance with the PSVP (ARCADIS 
2010c2010b). A qualified scientist/engineer will oversee seeding and planting activities at the 
WB/A-Site OU. Regulatory oversight personnel will inspect and approve seed mixes and 
woody plant materials before they are installed onsite. The oversight inspection will include the 
following activities:

• Inspect seed mixes to verify that they are transported in appropriate containers and are 
labeled with the ratios of the included species, total weight, date of preparation, and source

• Inspect woody material to verify the correct species, diameters, and quantities are present 
and to check for insects, diseases, appropriate root development, and/or indicators of 
excessive stress

Other requirements include the following:

• The plant material requirements presented in the Project DocumentsConstruction 
Drawings and tTechnical Sspecifications 02921 – Restoration Plantings and 02922 –
Vegetative Soil Seeding and Mulch are met

• Plants that do not appear healthy or of adequate quality for planting will be rejected and will 
be replaced with quality stock

• Approved seeding and woody planting methodologies will be implemented to verify that the 
materials are handled and installed appropriately, consistent with the procedures 
presented in the Construction Drawings and Technical Specifications 02921 – Restoration 
Plantings and 02922 – Vegetative Soil Seeding and MulchProject Documents

9.2.2 Survey

Areas to be revegetated will be marked prior to reconstruction, as necessary. The vertical and 
horizontal extent of habitat zones will be recorded at a minimum of every 100 feet. The 
boundaries between riparian corridor, open water, emergent wetland, forested wetland, and 
forested upland planting zones will also be surveyed. A final elevation for top-of-bank and toe-
of-bank will be recorded to assist in long term bank stability monitoring. In addition, vertical and 
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horizontal extents of the habitat stone will be surveyed. Horizontal datum for survey information 
is State Plane, NAD 83, Michigan South Zone. Vertical datum is NGVD 29. 

Survey data will be used to verify thickness of material placed, completion of revegetation, and 
monitor the survivability of plant species. The CFM will notify the CQA Surveyor when 
reconstruction in a given area is complete. The CQA Surveyor will collect the data as noted 
above and will include all reconstruction data for each area in a single file for submittal to the 
CQA Drafter. The CQA Drafter will display the reconstruction data on a figure comparing the 
actual reconstruction area to the proposed area. The CQA Observer, CQA Engineer, and CFM
will review the reconstruction progress figures on a weekly basis.

9.3 Post Construction Monitoring

Vegetation and bank erosion monitoring will be conducted following installation in accordance 
with Section 6 of the PSVP (ARCADIS 2010c2010b).

9.3.1 Post-Construction Monitoring and Maintenance Reports

Monitoring reports will be prepared to document the observations made during inspections (i.e., 
the stability of reinstated banks and the development of planted vegetation) at appropriate 
intervals during the monitoring period. The reports will summarize the progress toward 
achieving performance standards in reconstructed areas, describe any maintenance activities 
necessary to adaptively manage the areas, and include photo documentation of restored banks 
and vegetation development from established vantage points.
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10. Site Security

A site security plan for the OU will be developed by the Contractor prior to construction and 
submitted as part of the Final Design. The site security plan is anticipated to include a 
description of the physical security measures that will be implemented at the OU, including 
perimeter security, access points, project support area security, and recreational boating traffic.

Access to the WB/A-Site OU is currently restricted by locked gates and a perimeter chain-link 
fence around the southern side of the OU with posted warning signs. Signage will be posted 
during construction to limit access to authorized personnel only. Long-term security 
requirements will also be documented in the site security plan.

Recreational boating access to parts of the river may need to be restricted during the time that 
excavation/removal activities are carried out at the river’s edge. Buoys will be installed across 
the river upstream and downstream of the project area and in other areas as needed 
(particularly during removal of the sheet pile wall), and appropriate signage may also be 
installed to warn boat operators of the construction activities in the project area. Project 
representatives will be available during in-river work to assist recreational users of the river 
when access is restricted. Boating restrictions will be determined during subsequent stages of 
the design and in collaboration with USEPA and MDNRE. In the long term, a fence will be 
installed above the 100-year flood elevation along the northern boundary of the OU to prevent 
access to the WB/A-Site OU from the river.

The CFM is responsible for implementing the site security plan. The CQA Observer will 
document that site security controls have been established in the locations identified in the 
Design Report (ARCADIS 2010a2011). In addition, modifications to or deficiencies with the site
security plan will be documented in the Daily CQA Reports.
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11. Demobilization

At the end of the first construction season, the project team will carry out limited demobilization 
efforts to secure the OU for the winter break. This will include the demobilization of all field 
personnel and select pieces of heavy equipment. In addition, all remaining equipment and 
facilities will be winterized. Access gates will be secured as the final step of demobilization.

Upon conclusion of the construction activities in the OU (predominantly at Willow Boulevard in 
the first year), all equipment, facilities, and personnel will be systematically demobilized and 
removed from the project area. Construction-related debris or other remaining materials will be 
removed or disposed of properly, and any necessary equipment or material decontamination 
will be performed prior to removal from the project area. It is anticipated that the majority of 
access roads across the OU will be left in place and verified as clean. 

The CQA Observer will document demobilization activities to confirm completeness and 
document any access road left in place. The CQA Surveyor will survey re-vegetated project 
support areas.
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ARCADIS A B C D

Labor Classification
No.
Men

Hours
No.
Men

Hours
No.
Men

Hours
No.
Men

Hours
No.
Men

Hours

Equipment Description
Make/Size/Model

No. Hours No. Hours No. Hours No. Hours No. Hours

Description Daily Week to Date Cumulative to Date

A: C:
B: D:

(R): Rented Equipment
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DAILY CQA REPORT

Project:
Project Location:
CQA Report Prepared By:
Date:

CQA Personnel On Site:
1.
2.
3.
4.
5.

Weather Conditions:
Temperature: ___ Min.___ Max.
Relative Humidity:
Wind Speed and Direction:
Cloud Cover: (Yes) (No)
Precipitation: (Yes) (No)

Work Day:
Beginning Time:
Ending Time:
Work Stoppage – Duration:

Reason for Stoppage: (Weather Conditions)
(Equipment Failure or Shortage)
(Monitoring)

Description:

Contractor’s Activities, Visitors, Remarks:

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

(over)
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LABOR

Classification
Prime A B C D

No. Hours No. Hours No. Hours No. Hours No. Hours

EQUIPMENT

Description
Make/Size/Model No.

Not Prime A B C D
Used No. Hours No. Hours No. Hours No. Hours No. Hours

A is: C is:
B is: D is:

MATERIAL

Item No. Description Quantity Item No. Description Quantity
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FIELD EQUIPMENT CALIBRATION AND MAINTENANCE LOG

Instrument Manufacturer:
Instrument Model:
Identification Number:

Date/
Time

Person Performing
Calibration

Battery
Check

Calibration Standard
Calibration
Frequency

Calibration
Method

Calibration
Frequency

Calibration
Method

Comments
Source Type Concentration
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O PERMITTEE NAME/ADDRESS NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) FORM APPROVED O

NAME: ARCADIS on behalf of Georgia-Pacific DISCHARGE MONITORING REPORT (DMR) (SUBR 03) OMB No.2040-0004

O ADDRESS: 10559 Citation Drive F - FINAL O

Brighton, MI 48116

FACILITY: Willow Boulevard/A-Site Landfill OU2 EFFLUENT

O LOCATION: Kalamazoo, MI *** NO DISCHARGE O

FROM NOTE: Read instructions before completing this form.

O PARAMETER O

Monthly

AVERAGE

Daily

MAXIMUM
UNIT MINIMUM

Daily

MAXIMUM
UNIT

O
Total PCBs (Influent) SAMPLE

MEASUREMENT
****** ****** ****** ug/L 0 Weekly Grab

O
PERMIT

REQUIREMENT
****** ****** ****** (report)

O
Total PCBs (Intermediate stage) SAMPLE

MEASUREMENT
****** ****** ****** ug/L 0 Weekly Grab

O
PERMIT

REQUIREMENT
****** ****** ****** (report)

O
Flow (Discharge) SAMPLE

MEASUREMENT
MGD ****** ****** 0 Daily

Report total

daily flow O
PERMIT

REQUIREMENT
(report) (report) ****** ******

O
Total PCBs (Discharge) SAMPLE

MEASUREMENT
****** lbs/day ****** ug/L 0 Weekly Grab

O
PERMIT

REQUIREMENT 0.7 x 10-8 ****** ****** ******

O
Total Suspended Solids

(Discharge)

SAMPLE

MEASUREMENT
****** ****** ****** mg/L 0 Weekly Grab

O
PERMIT

REQUIREMENT
****** ****** ****** 45

O
Total Phosphorus (as P)

(Discharge)

SAMPLE

MEASUREMENT
****** ****** ****** mg/L 0 Monthly Grab

O
PERMIT

REQUIREMENT
****** ****** ****** (report)

O
Equipment Inspection PERMIT

REQUIREMENT
(report) 0 3X/Week Visual

O
Outfall Observation PERMIT

REQUIREMENT
(report) 0 Daily Visual

O NAME/TITLE PRINCIPAL EXECUTIVE OFFICER TELEPHONE DATE O

O TYPED OR PRINTED AREA CODE NUMBER YEAR MO DAY O
COMMENT AND EXPLANATION OF ANY VIOLATIONS (Reference all attachments here)

O O

EPA FORM 3320-1 (REV. 3-99) Previous editions may be used. PAGE 1 OF 1

QUANTITY OR LOADING QUALITY OR CONCENTRATION
NO.

EX

FREQUENCY

OF

ANALYSIS

SAMPLE

TYPE

DISCHARGE NUMBERPERMIT NUMBER

TO

MONITORING PERIOD

Monthly

AVERAGE

(report)

(report)

******

******

2.6 x 10-5

30

******

******

SIGNATURE OF PRINCIPAL EXECUTIVE

OFFICER OR AUTHORIZED AGENT

I certify under penalty of law that this document and all attachments were
prepared under my direction or supervision in accordance with a system designed
to assure that qualified personnel properly gather and evaluate the information
submitted. Based on my inquiry of the person or persons who manage the system,
or those persons directly responsible for gathering the information, the
information submitted is, to the best of my knowledge and belief, true, accurate,
and complete. I am aware that there are significant penalties for submitting
false information, including the possibility of fine and imprisonment for knowing
violations.
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Project:

Date:

Common

Name

Silky

Dogwood

Narrowleaf

Willow

Pussy

Willow
Red Oak

Swamp

White Oak

River

Birch
Pin Oak Sycamore

Black

Walnut

American

Elm

Black

Chokecherry

Alternate-leaf

Dogwood

Gray-Stem

Dogwood
Buttonbush

Speckled

Alder

Redosier

Dogwood

Northern

Spicebush
Elderberry

Eastern

Redbud

Scientific

Name

Cornus

Amomum
Salix Exigua

Salix

Discolor

Quercus

Rubra

Quercus

Bicolor

Betula

Nigra

Quercus

Palustris

Platanus

Occidentalis

Juglans

Nigra

Wlmus

Americana

Aronia

Melancarpa

Cornus

Alternifolia

Cornus

Racemosa

Cephalanthus

Occidentialis

Alnus

Incanc

Cornus

Sericea

(Lindera

Benzoin)

Sambucus

Canadensis

Cercis

Canadensis

1

2

3A

3B

4A

4B

5A

6

ISLAND 2

Seeding and Planting Log

Removal

Area

Area

(ft2)

# Plants To

Be Planted

Number of Plants Planted
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Imagine the result 

Client: Georgia-Pacific LLC Project: B0064581/B0064582 

Prepared by: RLP/CAA Date: March 2011 
Title: Willow Boulevard/A-Site Landfill Operable Unit 2 
Reviewed By: CAA Date: March 2011 

Checked By: PHB Date: March 2011 

Subject: Consolidation Fill Volume 

 
Objective: 
Determine the available fill volume for consolidation of excavated materials at the Willow Boulevard and 
A-Site Landfills.  Demonstrate that the Willow Boulevard Landfill and A-Site Landfill remedial design 
provides sufficient capacity to accommodate excavated materials that will be consolidated within the 
landfills. 
 
References: 

1. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 1 titled “Existing Site Plan,” 
ARCADIS, March 2011. 
 

2. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 3 titled “Perimeter Excavation 
Plan,” ARCADIS, March 2011. 
 

3. Willow Boulevard/A-Site Landfill Operable Unit 2 Drawing No. 4 titled “Consolidated-Material 
Grading Plan,” ARCADIS, March 2011. 

 
4. Willow Boulevard/A-Site Landfill Operable Unit 2 “Final Remedial Design Report,” ARCADIS, 

March 2011. 
 

5. Terramodel v 10.41, Trimble Navigation, Limited. 
 
Assumptions: 

 
1. The A-Site Landfill will be subject to consolidation of materials from the following sources: 

 
• Area East of Davis Creek (shown on Reference 2); 

 
• ancillary excavation areas south of the A-Site Landfill (shown on Reference 2); 

 
• residuals that currently exist within the A-Site Landfill that will require regrading to 

achieve the grades presented on Reference 2; and 
 

• a portion of the soil berm from the northern and eastern perimeter of the A-Site Landfill. 
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2. The Willow Boulevard Landfill will be subject to consolidation of materials from the following 
sources: 
 

• ancillary excavation areas south of the Willow Boulevard Landfill (shown on Reference 
2); 

 
• residuals that currently exist within the Willow Boulevard Landfill that will require 

regrading to achieve the grades presented on Reference 2; and 
 

• residuals along the northern perimeter of the Willow Boulevard Landfill that will be 
removed as part of the setback from the Kalamazoo River. 
 

3. The capacity of the Willow Boulevard and A-Site landfills are considered to be adequate if they 
provide sufficient airspace for all of the anticipated consolidated material sources listed in 
Assumptions 1 and 2. 
 

4. A portion of the soils that will be excavated from the A-Site northern and eastern berms consist of 
clean soils that will be used as clean backfill and will not need to be consolidated below the A-Site 
Landfill final cover system.  Any portion of these soils deemed unsuitable for use as clean backfill 
will be subject to consolidation at the A-Site Landfill. 

 
5. As described in Table 4-4 and Section 4.7.1 of  Reference 4, the approximate excavation 

volumes from the consolidation material source areas are as follows: 
 
• Ancillary Excavation Areas south of Willow Boulevard Landfill - 6,000 yd3 
 
• Ancillary Excavation Areas south of A-Site Landfill and Area East of Davis Creek –  

23,000 yd3 
 
• Northern Perimeter of A-Site (due to removal of sheet pile wall and berm slope regrading) 

– 47,000 yd3 
 
• Eastern Perimeter of A-Site (berm slope regrading) – 16,000 yd3 
 
• Northern Perimeter of Willow Boulevard (setback) – 11,500 yd3 

 
6. The volume of residuals that currently exist within the Willow Boulevard Landfill and A-Site 

Landfill that require regrading to achieve the grades presented on Reference 2 will be determined 
using Reference 5. 

 
Calculations: 
 
Reference 5 is used to compare the existing site topography (Reference 1) to the top of consolidated 
material design grades (Reference 3) within the approximate limits of consolidated material.  In addition, 
Reference 5 is used to determine the volume of additional material (e.g., fill material) required to reach 
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the top of consolidated material grades shown on Reference 3.  
 
Tables 1 and 2 below summarize the airspace volume represented by the top of consolidated material 
design grades for the Willow Boulevard and A-Site Landfills (rounded to the nearest 100 yd3). 
Subtractions are then made for each of the consolidation material sources defined in Assumptions 1 and 
2. 
 

Table 1 
Willow Boulevard Landfill Consolidation Fill Capacity Summary 

Willow Boulevard Landfill Available Airspace 
Capacity 34,000 yd3 (Calculated by Reference 5) 

Volume of material from ancillary excavation areas south 
of the Willow Boulevard Landfill -   6,000 yd3 (Assumption 5) 

Volume of residuals that currently exist within the Willow 
Boulevard Landfill that require regrading -  15,700 yd3 (Assumption 6) 

Volume of residuals along the northern perimeter of the 
Willow Boulevard Landfill that will be removed as part of 
the setback 

- 11,500  yd3 (Assumption 5) 

Willow Boulevard Landfill Surplus Available Fill 
Volume 800 yd3  

 
As shown in Table 1 above, the Willow Boulevard Landfill design provides a small surplus for fill volumes 
above those presented in Assumption 2.  Additionally, the Willow Boulevard Landfill top of consolidated 
material design grades can be modified to accommodate additional (or reduced) fill volumes. 
 

Table 2 
A-Site Landfill Consolidation Fill Capacity Summary 

A-Site Landfill Available Airspace Capacity 153,900 yd3 (Calculated by Reference 5) 

Volume of material from Area East of Davis Creek and 
ancillary excavation areas south of the A-Site Landfill - 23,000 yd3 (Assumption 5)  

Volume of residuals that currently exist within the A-Site 
Landfill that require regrading - 104,800 yd3 (Assumption 6) 

Volume of a portion of the berm soils from the northern 
and eastern perimeter of the A-Site Landfill - See note below 

A-Site Landfill Surplus Available Fill Volume  26,100 yd3 

 
As shown in Table 2 above, the A-Site Landfill design provides 26,100 yd3 of available fill volume for the 
portion of the soils that will be excavated from the A-Site northern and eastern berms that are deemed not 
suitable for use as clean backfill and will be subject to consolidation at the A-Site Landfill (as described in 
Assumption 4).  The 26,100 yd3 of available fill volume could be used to accommodate up to 41% of the 
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total volume of the soils that will be excavated from the A-Site northern and eastern berms (i.e., 47,000 
yd3 + 16,000 yd3, Assumption 5).  Additionally, the grades of the A-Site Landfill can be modified to 
accommodate additional (or reduced) fill volumes. 
 
Supporting output from Reference 5 is included as an attachment to this calculation. 
 
Summary: 
 
Based on the information presented above, the Willow Boulevard Landfill and A-Site Landfill design 
provides sufficient airspace capacity to accommodate the estimated material excavation volumes 
identified in Assumption 5.  Additionally, the consolidation design grades can be adjusted to allow for an 
increased or decreased consolidation volume, if necessary, based on actual conditions encountered at 
the time of construction. 
 



 

 

Terramodel Output 



 

 

Willow Boulevard Landfill 



                        SURFACE TO SURFACE VOLUME REPORT

Trimble
5475 Kellenburger Road
Dayton, Ohio 45424-1099, USA
1-937-233-8921

Project:              G:\TMProj\645\64581\A-Site_Willow Blvd Remedial Design\TM\
                      64581_2011.pro
Report Generated:                             Tuesday, March 01, 2011 3:49:23 PM
--------------------------------------------------------------------------------
Where the second surface is above the first the volume is reported as fill.
Where the second surface is below the first the volume is reported as
excavation.
--------------------------------------------------------------------------------

Shrinkage/swell factors:     Excavation   1.0000             Fill   1.0000

First Surface                 Number      Second Surface             Number
Layer Name                    of Points   Layer Name                 of Points
---------------------------  -----------  -------------------------  ----------
E-TIN                             5,781   P-CONS WB TIN                    870

Excavation Volume (Cu. Yd.)               Fill Volume (Cu. Yd.)
--------------------------------          ----------------------------
                  15,744.0                                 34,017.2

Net Difference: 18,273.2 Cu. Yd. Borrow



 

 

A-Site Landfill  



                        SURFACE TO SURFACE VOLUME REPORT

Trimble
5475 Kellenburger Road
Dayton, Ohio 45424-1099, USA
1-937-233-8921

Project:              G:\TMProj\645\64581\A-Site_Willow Blvd Remedial Design\TM\
                      64581_2011.pro
Report Generated:                             Tuesday, March 01, 2011 3:33:32 PM
--------------------------------------------------------------------------------
Where the second surface is above the first the volume is reported as fill.
Where the second surface is below the first the volume is reported as
excavation.
--------------------------------------------------------------------------------

Shrinkage/swell factors:     Excavation   1.0000             Fill   1.0000

First Surface                 Number      Second Surface             Number
Layer Name                    of Points   Layer Name                 of Points
---------------------------  -----------  -------------------------  ----------
E-TIN                             5,781   P-CONS ASITE TIN               1,409

Excavation Volume (Cu. Yd.)               Fill Volume (Cu. Yd.)
--------------------------------          ----------------------------
                 104,781.6                                153,930.9

Net Difference: 49,149.3 Cu. Yd. Borrow
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Acronyms and 
Abbreviations

DRAFT FOR FEDERAL AND STATE REVIEW

Acronyms and Abbreviations

BBL Blasland, Bouck & Lee, Inc.

CD Consent Decree

Design Report Willow Boulevard/A-Site Landfill Operable Unit 2 Final Remedial
Design Report

FML Flexible Membrane Liner

Georgia-Pacific Georgia-Pacific LLC

GDC geosynthetic drainage composite

GMP Groundwater Monitoring Plan

GSI Groundwater/Surface water interface

LEL Lower Explosive Limit

LGMP Landfill Gas Monitoring Plan

MDEQ Michigan Department of Environmental Quality

NREPA Natural Resources Environmental Protection Act

O&M Operation and Maintenance

OU operable unit

PCB polychlorinated biphenyl

PSVP Performance Standards Verification Plan

ROD Record of Decision

Site Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

SOW Statement of Work

USEPA United States Environmental Protection Agency

WB/A-Site OU Willow Boulevard/A-Site Landfill Operable Unit 2
WQBEL Water Quality Based Effluent Limit



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\appendices\appendix j - draft operation and maintenance 
plan\wb_a-site ou om plan-031011.docx 1-1
Created by: DA 3/10/2011
Project Number: B0064581.00670/B0064582.00670

Willow Boulevard/A-Site Landfill 
Operable Unit 2 Draft Operation and 
Maintenance Plan

DRAFT FOR FEDERAL AND STATE REVIEW

1. Introduction

On September 30, 2009 Georgia-Pacific, LLC (Georgia-Pacific) entered into an agreement with 
the United States Environmental Protection Agency (USEPA) and the United States
Department of Justice that governs the Remedial Design and Remedial Action phases of work 
at the Willow Boulevard/A-Site Landfill Operable Unit 2 (WB/A-Site OU, or OU) (Figure 1). The 
WB/A-Site OU is Operable Unit 2 of the Allied Paper, Inc./Portage Creek/Kalamazoo River 
Superfund Site (Site), located in Kalamazoo and Allegan Counties, Michigan. 

A Statement of Work (SOW), included as Appendix C to the Consent Decree for the Design 
and Implementation of Certain Response Actions at Operable Unit 2 of the Allied Paper, 
Inc./Portage Creek/Kalamazoo River Superfund Site ([CD] Civil Action No. 1-09-cv-429), 
describes the proposed design and remedial action work at the WB/A-Site OU. The Remedial 
Action is anticipated to begin in the spring of 2011, and removal activities and initial planting of 
vegetation are expected to be completed by the end of 2012.

This Draft Operation and Maintenance Plan (O&M Plan) has been prepared in support of the 
remedial action to be completed at the WB/A-Site OU in accordance with Section 20120b(3)(b 
and c) of Part 201, of the Natural Resources and Environmental Protection Act, 1994, PA 451, 
as amended (NREPA); current State of Michigan Solid Waste Management Act Part 115 of 
NREPA 1004, Act 451 as amended; and rules R299.5538 and R299.5540 of Part 201 of the 
Michigan Administrative Code.

The primary objective of this Draft O&M Plan is to describe the scope and procedures for 
operation and maintenance activities that will follow remedial activities at the WB/A-Site OU. 
The O&M Plan is part of the WB/A-Site OU Final Remedial Design Report (Design Report; 
ARCADIS 2011). Additionally, a Performance Standards Verification Plan (PSVP) is included 
as Appendix C to the Design Report.

This O&M Plan includes the requirements for the monitoring and maintenance of site access 
control, the final cover system, the gas management system, (which will include long-term gas 
monitoring), erosion control measures, the groundwater monitoring system, drainage 
structures, and restored/created wetlands. This O&M Plan includes monitoring procedures for 
identifying and addressing invasive species in new plantings established across the WB/A-Site 
OU, as well as the approach for monitoring the areas of wetlands and other habitats created or 
enhanced. This O&M Plan also addresses implementation and long-term maintenance of the 
Remedial Action activities prescribed in the ROD (Record of Decision; USEPA 2006) and
describes post-closure activities, corrective action for unusual operation conditions, and a 
schedule of O&M tasks.
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1.1 Background

The WB/A-Site OU is located southeast of the intersection of Business 1-94 and Highway M-96 
(King Highway) in Kalamazoo Township, Michigan. The OU is bordered by the Kalamazoo 
River to the north and northwest, Davis Creek to the east, and Willow Boulevard Road, former 
Olmstead Creek, and residential areas to the south. A fence contains the southern and eastern 
boundaries of the OU. A site location map is presented in Figure 1 and a site layout plan is 
presented in Figure 2.

The WB/A-Site OU consists of two disposal areas – the Willow Boulevard Landfill (including the 
Willow Boulevard Drainageway area) and the A-Site Landfill (including the area south of the A-
Site berm, the area east of Davis Creek, the area near monitoring well AMW-3A, and former 
Olmstead Creek). The Willow Boulevard Landfill occupies approximately 11-acres and the A-
Site Landfill, approximately 22-acres. The two landfills and ancillary areas are addressed in this 
O&M Plan. 

1.2 O&M Plan Content and Organization

The remainder of this O&M Plan is organized into eight sections, as follows:

• Summary of Remedial Action Activities (Section 2)

• Inspection and Monitoring at the WB/A-Site OU (Section 3)

• Long-Term Maintenance at the WB/A-Site OU (Section 4)

• Environmental Monitoring and Laboratory Testing (Section 5)

• Alternative O&M Procedures (Section 6)

• Record Keeping and Recording (Section 7)

• Safety Plan (Section 8)

• References (Section 9)

This O&M Plan will be made available to personnel performing O&M activities. Properly trained 
and qualified O&M personnel will perform O&M activities. The recommended operating 
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practices in the O&M Plan are based on typical and anticipated conditions. Unusual or 
unforeseeable conditions may require modification of the O&M procedures.
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2. Summary of Remedial Action

The Remedial Action for the WB/A-Site OU will address existing residuals, soils, and sediments 
containing PCBs at concentrations above relevant criteria. Consolidation and containment of 
the PCB-impacted materials, in conjunction with institutional controls, are the key elements of 
the selected remedy set forth in the ROD (USEPA 2006). Revegetation and mitigation activities 
will be implemented to address environmental impacts associated with construction of the 
remedy at the landfills and ancillary areas.

2.1 Remedy-Specific Action Components

The major components of the remedy for the WB/A-Site OU, as presented in the Design 
Report (ARCADIS 2011), include the following:

• Removal of the portion of the 1,700 foot-long sheet pile wall at A-Site Landfill that extends 
above the median water elevation (an approximately 10-foot high section) of the 
Kalamazoo River.

• Excavation along the banks of the Kalamazoo River and in additional investigation areas 
(including the Willow Boulevard Drainageway, the area south of A-Site Berm, the area east 
of Davis Creek, and the area near monitoring well AMW-3A). The excavation includes a full 
setback of the bank to the north side of Willow Boulevard Landfill.

• Consolidation and isolation of PCB-containing materials under engineered cover systems 
constructed on both landfills. The cover system designs are in compliance with relevant 
requirements of NREPA Part 115 Solid Waste Management cover system specifications 
for the closure of a solid waste disposal facility.

• Implementation of bank stabilization and erosion control measures to address impacts of 
construction and to protect the cover systems and contents of the landfills from a 100-year 
flood.

• Restoration of impacted wetlands in the area east of Davis Creek, in the Willow Boulevard 
Drainageway, and in the area south of the A-Site Berm.

• Implementation of short- and long-term monitoring programs.

• Implementation of institutional controls.
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• Implementation of long-term maintenance.

• Implementation of additional provisions (e.g., mitigate noise and dust levels), as needed.

The proposed final layout of the WB/A-Site OU is illustrated in Figure 3.

2.2 Long-Term Maintenance Components

In addition to prescribing the selected remedy for the WB/A-Site OU, the ROD (USEPA 2006)
prescribed long-term maintenance activities, including: 

• Long-term maintenance (inspection and repair, as needed) of the landfill cover systems, 
bank stabilization measures, erosion control measures, and restoration measures

• Long-term monitoring of groundwater to verify the integrity and effectiveness of the landfill 
cover systems

• Long-term monitoring, operating, and maintaining of the passive gas management system 
designed to contain gas migration

• Implementation of institutional controls to prevent exposure to polychlorinated biphenyl 
(PCB)-containing materials, including access restrictions (perimeter fencing with posted 
warning signs) and deed restrictions (limiting future land use to industrial/commercial)

Activities related to the implementation of these components are summarized below and 
described in detail within the Design Report (ARCADIS 2011). Long-term inspection and 
maintenance activities are described in Sections 3 and 4 and within the PSVP.

2.3 Implementation of Remedial Components

2.3.1 Construction of Final Cover System

A final cover system will be installed at the WB/A-Site OU to isolate PCB-containing materials 
and minimize contact through surface water runoff or erosion and infiltration of precipitation 
through the landfills. Construction of the final cover system includes placement of a gas venting 
layer, a geomembrane (or flexible membrane liner [FML]), a geosynthetic drainage composite 
(GDC), protection soil material and vegetative soil, and establishing a vegetative cover. 



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\appendices\appendix j - draft operation and maintenance 
plan\wb_a-site ou om plan-031011.docx 2-3
Created by: DA 3/10/2011
Project Number: B0064581.00670/B0064582.00670

Willow Boulevard/A-Site Landfill 
Operable Unit 2 Draft Operation and 
Maintenance Plan

DRAFT FOR FEDERAL AND STATE REVIEW

2.3.2 Bank and Berm Stabilization

Bank stabilization, grading, and erosion control measures will be implemented at the Willow 
Boulevard and A-Site landfills to protect both the cover systems and the contents of the landfills 
from a 100-year flood event, and prevent PCB migration into the Kalamazoo River and 
adjacent areas.

Grading for the WB/A-Site OU incorporates a combination of drainage benches and ditches to 
maintain maximum slopes on the final cover system of 25% and minimum slopes of 4%. Berms 
that are not part of the final cover system will be graded with a 33% slope maximum. 

2.3.3 Implementation of Erosion Controls

As required, soil erosion and sedimentation controls will be installed in accordance with the 
State of Michigan Solid Waste Management Act Part 115 of NREPA 1004, Act 451 as 
amended and guidance described in the Michigan Department of Environmental Quality 
(MDEQ) Best Management Practices for Michigan Watersheds (MDEQ, 1998). 

2.3.4 Installation of Stormwater Drainage Structures 

Stormwater from the WB/A-Site OU final cover areas will be intercepted by drainage benches, 
swales, and perimeter ditches. A series of culverts and downchute pipes will convey 
stormwater from the final cover area to the Kalamazoo River. 

2.3.5 Installation of Groundwater Monitoring System

The groundwater monitoring network will include a minimum of 12 wells, with up to 24 wells, 
located at 12 downgradient locations. These will be installed approximately 300 feet apart. Well 
locations may be revised in consultation with USEPA. The network will include 3 upgradient 
monitoring wells located at the east end of Charleston Ave (at the former location of monitoring 
well AMW-3), near St. Joes Avenue and by Willow Boulevard (see Construction Drawing 7 –
Groundwater Monitoring Well Locations). 

Details for installation of the proposed monitoring wells are included in Technical Specification 
02522 – Well Installation, and development details are included in the Multi-Area FSP 
(ARCADIS BBL 2007a).

Well screen placement will be designed to provide representative Groundwater Surface Water 
Interface monitoring locations, in compliance with Rule R299.5716 of Part 201 of Michigan 
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Public Act 451. The upgradient monitoring wells will be screened across the water table to aid 
in the interpretation of collected groundwater elevation data and downgradient water quality 
data. Details regarding the number of wells and well screen placement in the downgradient well 
locations will be discussed in an addendum to the Groundwater Monitoring Plan, included in 
the Remedial Action Work Plan. The addendum will be submitted within 180 days of USEPA’s 
Notice to Proceed with remedial construction.

All existing monitoring wells (which are not anticipated to be used for the groundwater 
monitoring program) will be abandoned prior to, or during the initial stages of construction. 

2.3.6 Installation of Gas Management System 

Landfill gases generated due to the decomposition of organic matter will be managed by 
passive collection and conveyance to the atmosphere. A well-sorted sand having a relatively 
small fraction of fines (or potentially a GDC) will be used for the gas venting layer. Passive gas 
riser vents will be placed within the horizontal limits of the WB/A-Site OU.

In addition to the passive collection and conveyance gas collection pipes and riser vents in the 
final cover areas, a cutoff trench will be installed along the southern perimeter of the A-Site and 
Willow Boulevard landfills to control off-site migration of gases that may be generated by the 
residuals. Vents will be constructed along the length of the cutoff trench and will be connected 
to a lateral gas collection pipe. The depth of the trench will be extended to an elevation below 
the lowest elevation of the adjacent residuals or the water table (whichever is shallower) to 
collect and vent gases that may descend or travel radially.

2.4 Site Security 

The Design Report (ARCADIS 2011) includes potential site security measures to be 
implemented during and after construction. During construction, access to the WB/A-Site OU 
will be restricted by locked gates and chain-link fence along the southern boundary to prevent 
access from streets. Signage and construction fencing will be provided along the northern 
boundary. After construction, chain-link fence will be installed along the northern boundary (at 
an elevation above the 100-year flood) to prevent access from the river. Posted signage will 
indicate access is limited to authorized personnel. For additional security details, refer to the 
Design Report (ARCADIS 2011). 
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3. Inspection and Monitoring at WB/A-Site OU

Post-closure inspections will be conducted as described in the PSVP by ARCADIS, on behalf 
of Georgia-Pacific, to determine the need for maintenance or repairs. The frequency of 
inspection and monitoring activities is specified in the PSVP. Inspection activities will generally 
include, but are not limited to the following items:

• Final cover system

• Riverbank stabilization measures

• Erosion control system

• Stormwater management system

• Groundwater monitoring system

• Gas management system

• Site access and security systems

• Restored/created wetlands

Inspection and maintenance activities are summarized below. A post-closure inspection form is 
included as Attachment A to this O&M Plan and will be used for documentation by O&M 
personnel and reporting to Georgia-Pacific.

3.1 Final Cover System

The final cover system will be visually inspected for settlement that may cause surface water 
ponding, soil erosion, slope failures, or exposure of the FML. These inspections will be 
performed in conjunction with berm stabilization inspections. Rooty trees and shrubs (whose 
roots can potentially penetrate the FML), protruding objects, burrowing animals, cracking, or 
the disturbance or loss of vegetation of covered areas will also be identified during inspections.

3.2 Riverbank Stabilization Measures

Riverbank stabilization measures (e.g., riprap, permanent erosion control blankets, habitat 
stone, vegetation) will be inspected for signs of instability or damage due to erosion or scour.



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\appendices\appendix j - draft operation and maintenance 
plan\wb_a-site ou om plan-031011.docx 3-2
Created by: DA 3/10/2011
Project Number: B0064581.00670/B0064582.00670

Willow Boulevard/A-Site Landfill 
Operable Unit 2 Draft Operation and 
Maintenance Plan

DRAFT FOR FEDERAL AND STATE REVIEW

3.3 Erosion Control System

The erosion control system described in Section 2.3.3 will be visually inspected for excessive
siltation buildup, soil disturbance, loss of vegetation, stressed vegetation, signs of instability or 
damage due to soil erosion or scour, and slope failures. These inspections will be performed in 
conjunction with berm stabilization inspections. Additionally, the erosion control system may 
need to be enhanced or supplemented. The need for such enhancements/additions will be 
determined based on observations made during the post-construction inspections.

3.4 Stormwater Management System

The components of the stormwater management system (e.g., benches, swales, ditches, 
culverts and downchutes) will be visually inspected for erosion and siltation, debris buildup, 
condition of discharge structures and inlets, and inappropriate vegetation. These inspections 
will be performed in conjunction with berm stabilization inspections. 

3.5 Groundwater Monitoring System

Groundwater monitoring wells will be inspected during the scheduled inspections throughout 
the post-closure period. The groundwater monitoring system will be inspected for structural 
integrity, the condition of the ground seal, protective casing, identification labels and locking 
caps. A description of monitoring activities and potential contingency actions for the 
groundwater monitoring system is provided in the PSVP (Appendix C to the Design Report 
[ARCADIS 2011]). 

3.6 Gas Management System

The passive gas-management system will be inspected to determine the general condition of 
vertical vent pipes and perforated vent caps. The gas management system will also be 
monitored for odor and gas migration. Needed repairs to the gas vent pipes and caps will be 
documented by O&M personnel and reported to Georgia-Pacific. Repairs will be completed 
within 60 days of discovery, weather and site condition permitting. A description of inspection 
activities and potential contingency actions for the gas monitoring system is provided in the 
PSVP. 

3.7 Site Access and Security Features

Roadways, fencing, access gates, signs and locks will be inspected for integrity, vandalism or 
damage on each visit to the OU. 
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3.8 Restored/Created Wetlands

The restoration components of the design (i.e., restored and created wetlands) will be visually 
inspected as described in the PSVP. 
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4. Long-term Maintenance at WB/A-Site OU

Periodic maintenance will be performed as necessary to verify that the remedy performs as 
expected in the post-closure period. Repairs to items observed during routine inspections will 
generally be completed within 60 days of discovery, weather and site condition permitting. The 
following items will be subject to post-closure maintenance activities: 

• Final cover system

• Stormwater management system

• Groundwater monitoring system

• Gas management system

• Site access and security systems

4.1 Final Cover System

Settlement of the cover system that causes ponding will be repaired by removing the 
vegetative soil, placing and compacting suitable soils within the depression, and replacing 
excavated soil. Once the proper slope is restored, the disturbed area will be reseeded. Erosion, 
exposed FML, protruding objects, burrowing animals, cracking, slope failures, or other 
disturbances will be resolved by regrading or by placing additional appropriate materials in the 
affected areas and promptly reseeding to establish vegetative growth. The final cover system 
will be periodically mowed.

4.2 Stormwater Management System

Ditches, diversion berms, and culverts will be repaired as necessary by replacing eroded soil, 
replacing erosion control measures, replacing damaged culvert pipes if the pipes are severely 
damaged, and reseeding vegetated areas if necessary. Any accumulated sediment or debris 
that will impact the hydraulic capacity of the stormwater management system will be removed. 
Placement of additional erosion control measures (including, but not limited to riprap or erosion 
control matting) within stormwater management features may be required periodically.
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4.3 Groundwater Monitoring System

Components of the groundwater monitoring system that may require maintenance include the 
ground seal, protective casing, and locking caps. Maintenance of the groundwater monitoring 
equipment will be performed in accordance with the operating instructions for the particular 
equipment used. Maintenance activities may include replacing damaged components of the 
wells or re-installation of a well if necessary.

4.4 Gas Management System

As part of general maintenance, damaged or clogged piping will be replaced, as necessary. 
Broken/damaged gas vents or wells will be replaced. Maintenance of the portable gas detector 
meter(s) will be performed in accordance with the operating instructions.

4.5 Site Access and Security Systems

Periodic maintenance of the roadway surface may be required to maintain a smooth, uniformly-
sloped surface. Damaged security fencing and signs will be, repaired or if necessary, replaced 
to eliminate trespassing.
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5. Environmental Monitoring and Laboratory Testing

5.1 Groundwater Monitoring

The GMP (included as part of the Remedial Action Work Plan, to be submitted prior to 
construction) and addendum will describe the scope and procedures for post-closure 
groundwater elevation monitoring and groundwater analytical monitoring. Specifically, the GMP
will contain sample locations, laboratory analysis, monitoring frequency, reporting and 
contingency actions. Groundwater samples from all of the monitoring wells will be collected 
quarterly in the first two post-closure years. After two years, sampling will be completed on an 
annual basis through the fifth year, at which time the program will be reviewed.

If PCB concentration in groundwater exceeds the corresponding water quality-based effluent 
limits (WQBELs) or the generic groundwater-surface water interface (GSI) value, the USEPA
will be notified and contingency activities will be undertaken. In general, the contingency 
actions will include resampling of the monitoring well where the exceedance occurred and 
comparison to the appropriate criterion. If the subsequent sampling results are below the 
WQBEL or generic GSI criterion, no further action will be taken and the constituent will be 
monitored at its original frequency. If the subsequent sampling results remain above the 
WQBEL or generic GSI value, USEPA will be notified and the sampling frequency for PCB will 
be increased. The increased sampling frequency will continue until the concentration is at or 
below the appropriate WQBEL or site-specific GSI value, as described in the PSVP. 

Groundwater elevation monitoring will include monitoring of groundwater elevations at each of 
the groundwater monitoring wells as well as at two existing staff gages that were previously 
installed in the Kalamazoo River. 

5.2 Gas Management 

Procedures for monitoring and maintaining the landfill gas-management system will be 
performed as specified in the Landfill Gas Monitoring Plan (LGMP) section of the PSVP. This 
plan describes the scope and procedures for post-closure landfill gas monitoring at the WB/A-
Site OU. Specifically, the LGMP describes procedures for data collection and their 
interpretation, required quality assurance and quality control, and the verification sampling 
procedures that will be followed if performance standards are not met in routine monitoring. 
Post-construction monitoring of methane in the gas vents that are located around the perimeter 
of residuals on the southern side of the WB/A-Site OU will be conducted annually for a 
minimum of 5 years. If methane is not detected, Georgia-Pacific will petition USEPA to cease 
the annual gas monitoring program. If methane is consistently detected at the perimeter gas-
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monitoring wells at concentrations greater than the lower explosive limit (LEL), the monitoring 
frequency will be increased to quarterly until it is demonstrated that the gas generation has 
decreased to be consistently below the LEL. Monitoring would then be continued quarterly until 
concentrations less than the LEL are observed for at least two consecutive years. Monitoring 
will then continue annually for the remainder of the 5 years. 
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6. Alternative O&M Procedures

Alternative O&M procedures may be developed in addition to or in lieu of the above described 
O&M procedures in order to prevent the release or threatened release of PCBs that may 
endanger public health and the environment or result in a violation of performance standards in 
the event of failure to the cover system or the berm stabilization measures. 

Should the final cover or berm stabilization materials fail, alternative O&M procedures may be 
followed to prevent the release or threatened release of PCBs that may endanger public health 
and the environment or result in a violation of performance standards. Alternative O&M 
procedures may include stabilization of PCB containing materials by regrading, containerizing, 
stockpiling, replacing final cover materials or otherwise temporarily and/or permanently 
managing materials in such a way to prevent the release of PCBs.

Required maintenance, such as major repairs to slopes and the final cover system, will be 
identified during inspections. Repair work will be carried out as appropriate including, but not 
limited to, non-structural improvements (e.g., local erosions, subsidence, exposed cover liners), 
safety improvements or reconstruction of physical structures (e.g., slope failure or a tear or hole 
in the FML). In addition, Alternative O&M procedures could identify any deficiencies in 
inspection procedures and maintenance activities so that similar failures in the future may be 
mitigated.

6.1 Analysis of Vulnerability and Additional Resources Requirement

Potential vulnerability of the final cover systems to failure may be associated with the berms
and final cover system. Potential problems associated with the berms may be identified by 
observing physical changes such as subsidence, settlements, erosion, sloughing, or slumping 
that may develop as a result of slope movements, boiling of soft sediments that may exist at 
the toe, and migration of fine sediments. Potential problems associated with the cover system 
may include exposure of the liner system, large settlements causing ponding of water, 
penetration or tearing of the liner system, or clogging of the ditches and drainage systems. 
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7. Record Keeping and Recording

Laboratory records, records for closure costs, personnel and post-closure care records, and 
monthly progress reports to USEPA will be held by Georgia-Pacific and submitted annually to 
USEPA for approval. Georgia-Pacific will verbally notify USEPA within 72 hours of an 
emergency. Written notice will follow within 10 calendar days, and will describe the event in 
detail.

In addition, documentation summarizing the results of the ongoing inspection, maintenance and 
environmental monitoring activities described herein will be submitted to USEPA collectively on 
an annual basis. This documentation is anticipated to include a letter sequentially numbering 
the inspection events, as well as a description of the inspection, maintenance and 
environmental monitoring activities along with supporting information. A summary of the landfill 
gas and groundwater monitoring data collected during the monitoring events will be compared 
to the Performance Standards (as outlined in the PSVP). The annual report will include an 
assessment of the effectiveness of the institutional controls in preventing access to the landfill 
and potential exposure to residuals and landfill gas. If any contingency actions are taken in 
response to site conditions, they will be documented in the annual reports.
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8. Emergency Response and Safety Plan

Precautions will be taken during inspections and monitoring activities for groundwater, surface 
water, and passive gas. Site personnel will follow the precautions and procedures and have the 
necessary equipment specified in the Multi-Area Health and Safety Plan (ARCADIS BBL 2007)
and associated addenda.



g:\common\64581-a-site\11 draft reports and presentations\2011 final remedial design report\appendices\appendix j - draft operation and maintenance 
plan\wb_a-site ou om plan-031011.docx 9-1
Created by: DA 3/10/2011
Project Number: B0064581.00670/B0064582.00670

Willow Boulevard/A-Site Landfill 
Operable Unit 2 Draft Operation and 
Maintenance Plan

DRAFT FOR FEDERAL AND STATE REVIEW

9. References

ARCADIS. 2011. Willow Boulevard/A-Site Landfill Operable Unit 2 Final Remedial Design 
Report (Design Report). March 2011.

ARCADIS BBL (Blasland, Bouck & Lee, Inc.). 2007. Multi-Area Health and Safety Plan for the 
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site. May 2007.

Michigan Department of Environmental Quality (MDEQ).1998. Guidebook of Best Management 
Practices for Michigan Watersheds. Surface Water Quality Division, reprinted October 
1998. 

United States Environmental Protection Agency (USEPA). 2006. Willow Boulevard/ A-Site 
Landfill Operable Unit 2 Record of Decision (ROD), September 2006.



Figures 

 

 

 

 



SITE LOCATION MAP

REFERENCE:  BASE MAP SOURCE: USGS 7.5 MIN. TOPO. QUAD., KALAMAZOO, MI (1967, PHOTOREVISED 1973).

SITE LOCATION

AREA LOCATION

MICHIGAN

FIGURE

1

0
2

/1
6

/2
0

11
 S

Y
R

A
C

U
S

E
, 
N

Y
-E

N
V

/C
A

D
 D

JH
O

W
E

S
B

0
0

6
4

5
8

1
/0

0
0

2
/0

0
6

7
0

/C
D

R
/6

4
5

8
1

N
0

1
.C

D
R

Approximate Scale: 1" = 2000'

2000' 2000'0
GEORGIA-PACIFIC LLC

ALLIED PAPER, INC./PORTAGE CREEK/
KALAMAZOO RIVER SUPERFUND SITE

OPERATION AND MAINTENANCE PLAN
WILLOW BOULEVARD/A-SITE LANDFILL OU2





FIGURE

GEORGIA-PACIFIC LLC
ALLIED PAPER, INC./PORTAGE CREEK/
KALAMAZOO RIVER SUPERFUND SITE

WILLOW BOULEVARD/A-SITE LANDFILL OU2

3

IM
A

G
E

S
:

X
R

E
FS

:
64

58
1X

00
64

58
1X

02
64

58
1X

01
64

58
1X

03

P
R

O
JE

C
TN

A
M

E
:  

--
--

C
IT

Y
: S

Y
R

A
C

U
S

E
   

D
IV

/G
R

O
U

P
: E

N
V

/1
41

   
D

B
: B

. G
E

TT
S

 L
. F

O
R

A
K

E
R

 A
. S

A
M

IO
S

   
LD

: A
. S

A
M

IO
S

   
 P

IC
: B

. D
E

S
H

IE
LD

S
   

P
M

: P
. M

C
G

U
IR

E
   

TM
: C

. A
LB

U
N

IO
   

 L
Y

R
: O

N
=*

;O
FF

=*
R

E
F*

G
:\E

N
V

C
A

D
\S

Y
R

A
C

U
S

E
\A

C
T\

B
00

64
58

1\
00

02
\0

06
70

\D
W

G
\O

P
-M

A
IN

-P
LA

N
\6

45
81

G
02

.d
w

g
LA

Y
O

U
T:

 
3S

A
V

E
D

: 
3/

11
/2

01
1 

9:
28

 A
M

A
C

A
D

V
E

R
: 

18
.0

S
 (L

M
S

 T
E

C
H

)P
A

G
E

S
E

TU
P

: 
--

--
P

LO
TS

TY
LE

TA
B

LE
: 

P
LT

FU
LL

.C
TB

P
LO

TT
E

D
: 

3/
11

/2
01

1 
9:

29
 A

M
B

Y
: 

S
A

M
IO

S
, A

LE
X

FINAL LAYOUT OF WILLOW
BOULEVARD/A-SITE LANDFILL OU2



Appendix A 

 

PostClosure Inspection Form
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Georgia-Pacific LLC
Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site

Willow Boulevard/A-Site Landfill Operable Unit 2
Operation and Maintenance Plan – Appendix A

Post-Closure Inspection Form

Inspection Date: Weather Conditions:

Inspectors:

Time Arrived: (AM/PM) Time Departed: (AM/PM)

Inspection Items
Item Condition

Comments
Satisfactory Unsatisfactory

A. Final Cover System

Bare Spots

Stressed Vegetation

Cracks

Burrowing Animals

Erosion

Settlement

Water Ponding

Protruding Objects

Invasive Weeds

Slope Movement

Exposed FML

B. Riverbank Stabilization Measures

Bank Erosion 

Rip Rap Revetment

Wood Plant Survival

Ground Cover

C. Erosion Control System

Siltation Buildup

Soil Disturbance

Ground Cover

Instability 

Slope Failure
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Inspection Items
Item Condition

Comments
Satisfactory Unsatisfactory

D. Stormwater Management System

Erosion/Siltation

Debris Buildup

Condition of Discharge Structures 

Condition of Inlet Structures

Invasive Weeds

E. Groundwater Monitoring System

Ground Seal

Casing

ID Labels

Locks

F. Gas Management System

Vent Condition

Detectable Odor

G. Access Roads

Erosion/Washout/Settlement

Sufficient Gravel

H. Security Systems

Access Gates

Fence Integrity

Signs

Locks

I. Restored/Created Wetlands

Ground Cover

Woody Plant Survival

Invasive Weeds

J. Overall Site Appearance
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Comments/Proposed Action Items:
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Responses to Comments on the 
PreFinal Design
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GEORGIA-PACIFIC LLC 
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE 
WILLOW BOULEVARD/A-SITE LANDFILL OPERABLE UNIT 2 REMEDIAL DESIGN 

 
 

RESPONSES TO USEPA’S & MDNRE’S, JANUARY 21, 2011 COMMENTS ON THE 
WILLOW BOULEVARD/A-SITE LANDFILL OPERABLE UNIT 2 

DECEMBER 10, 2010 PRE-FINAL (95%) REMEDIAL DESIGN REPORT  
 

Specific Comments on 2010 Pre-Final Remedial Design Report: 
 
USEPA Comment 1 
 

Section 1.2.2.1 — Can the existing culvert handle the construction traffic and truckloads 
expected during the remedial action? 
 

Response 
 
Technical Specification 01600 has been revised to include a requirement for the Contractor to 
verify suitability of the culvert for proposed construction traffic prior to start of construction. 
Section 1.2.2.1 of the Final Design Report has also been updated to refer to Technical 
Specification Section 01600.  
 
 
USEPA Comment 2 
 

Section 4, Page 4-2 — Is the intent to add more specifications before bidding, several 
basic specifications seem to be missing (General Conditions, Project Meetings, 
Mob/Demob etc.). Please add. 

 
Response 
 
It is intended that these specifications will be included in the bid package which is to be prepared 
for the Contractor, however these items will not be included within the Final Design Submittal as 
they do not outline parts of design that require Agency approval. Explanatory text has been 
included in Section 4. 
 
 
USEPA Comment 3 
 

Section 4.2, third paragraph — please expand the description of how soils behind the 
sheet pile wall will be identified and characterized as clean. Will the soils be stockpiled 
prior to sampling? During the January 6, 2011 phone call, sampling was described as 2 
composites, comprised of 6 individual samples collected from random locations, this 
information should be incorporated into the text. Will individual samples be collected at 
depth? How will the depth of soils to be excavated be determined 
 

Response 
 
It is intended that soils excavated from behind the sheetpile wall will be stockpiled prior to 
sampling and that 2 composite samples (consisting of 6 individual sub-samples taken at random) 
will be collected and analyzed per 10,000 cubic yards of excavated material. This information has 
been included in Section 4.2 of the report and Section 5.4.1.3 of the CQAPP. 
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USEPA Comment 4 
 

Section 4.5 — Either remove the GDC as an alternate for the gas-venting layer or a) 
provide justification in the calculations that this alternate will be acceptable for slope 
stability or b) provide language in this section that the calculations will be redone if this 
alternate is chosen. 

 
Response 
 
Text has been added to Section 4.5 of the report to explain that GDC is being provided as an 
alternative option as it leaves flexibility in the design. The text further explains that calculations 
will need to be completed and reviewed by the Engineer if a GDC option is selected.   
 
 
USEPA Comment 5 
 

Figure 7-2 — Consider adding time-critical activities (i.e., the tree removal associated 
with the Indiana Bat) to this schedule 

 
Response 
 
Figure 7-2 has been revised to include the time-critical activities such as tree-removal associated 
with the Indiana Bat and assessment of the structural capacity of the access bridge and culvert 
crossing over Davis Creek and Olmsted Creek, respectively. 
 
 
USEPA Comment 6 
 

General - Please consider creating a list of contractor submittals related to design 
elements for ease of tracking during the construction process. 
 

Response 
 
A list of required contractor submittals will be developed prior to construction, however this detail 
has not been included in the Final Design. 
 
 
Specific Comments on 2010 Pre-Final Remedial Design Report - Appendices: 
 
USEPA Comment 7 
 

Appendix D - Slope Stability — Page 2, Table 1 - The soil properties for new paper 
residuals seems high compared to those used on other project in the Kalamazoo River 
area. Please provide more detail on how the placement and compaction requirements in 
the Specifications will ensure these properties are achieved. No values are listed for the 
geosynthetic elements of the proposed cap; were the geosynthetics included in the 
analysis for global stability? 
 

Response 
 
The slope stability calculations provided in Appendix D were performed considering material 
properties determined in the pre-design investigation. These calculations also included a degree 
of conservatism to accommodate potential high water contents during placement. Properties used 
in the stability design for existing residuals are generally consistent with other relevant projects in 
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the area involving paper residuals (i.e. the King Highway Landfill and the 12
th
 Street Landfill), and 

the unit weight for new residuals is generally higher than what was used in other relevant 
projects. A higher unit weight used in slope stability calculations is considered conservative due 
to the added driving weight. Shear strength properties used in the design are generally lower than 
what was used in other relevant projects in the area. Because residuals can vary from site to site, 
the material properties used are considered adequate for the design. 
 
Geosynthetics materials were not included as a separate item in the global stability calculations; 
however, the weight of the cover system as a whole was considered in the calculations.  The 
omission of cover geosynthetics in a global stability analysis is considered conservative. 
Additional final cover evaluations including sliding along geosynthetics are included in Appendix 
D of the Final Design Report. 
 
 
USEPA Comment 8 
 

Appendix D — Consolidation — Please consider the consolidation effects along the final 
cover drainage channels; is there the possibility of localized grade reversal along the 
0.5% slopes? 
 

Response 
 
The design of the final cover drainage channels has been reviewed, and although the slopes 
were calculated to be sufficient, it is recognized that there is a potential for consolidation that 
could cause localized low points or grade reversal. As a result, the longitudinal slopes of all 
stormwater conveyance channels have been increased to 1% or 3%.  The 1% slope is proposed 
along the northern and eastern perimeters of the A-Site landfill where consolidation is anticipated 
to be minimal due to the limited residual fill thicknesses 
 
 
USEPA Comment 9 
 

CQA Plan, page 2-9 — Please confirm that geotechnical and geosynthetic samples will 
be sent to these laboratories. 
 

Response 
 
Text regarding laboratories for geotechnical and geosynthetics testing has been added to Section 
2.9 of the CQAPP and laboratory qualifications for geosynthetics analysis have been added to 
Technical Specifications 02072 and 02073. 
 
 
USEPA Comment 10 
 

CQA Plan, Section 5 — Please add discussion regarding residuals placement to this 
section 
 

Response 
 
In order to minimize duplication of text, a reference to Specification section 02311 – Residuals 
Consolidation has been included in Section 5.3 of the CQAPP. 
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USEPA Comment 11 
 

CQA Plan, Section 7.1.1.3 — This layer is referred to as the soil protection layer in the 
rest of the document; please correct. 
 

Response 
 
The reference in Section 7.1.1.3 has been corrected to “soil protection layer” as requested. 
 
 
Specific Comments on 2010 Pre-Final Remedial Design Report - Specifications: 
 
USEPA Comment 12 
 

Erosion and Sediment Control (1571) Page 4 — The silt curtain is shown as PVC 
geomembrane in the drawings; please correct. 
 

Response 
 
Construction Drawing 14 has been revised to remove reference to PVC and to refer to Technical 
Specification 01571 
 
 
USEPA Comment 13 
 

1571, Page 5 — The support cable chain anchor for the silt curtain is not specified. 
 

Response 
 
Requirements for the silt curtain support cable and chain anchor have been added into Technical 
Specification 01571.  
 
 
USEPA Comment 14 
 

Material and Equipment (1600), Page 1 — Please add a requirement to Section 1.3 that 
the existing culvert also be evaluated before construction begins. 
 

Response 
 
Refer to USEPA Comment 1. 
 
 
USEPA Comment 15 
 

Construction Surveying (1720), Page 2 and 3 — The list of contractor survey 
requirements is missing several elements including the limits of excavation, the location 
of monitoring wells, and the location of gas vents and probes. Please review and revise. 
 

Response 
 
Limits of excavation, locations of monitoring wells, and locations of gas vents and probes have 
been added to the requirements of Technical Specification 01720 under Part 3, Section 3.2.A. 
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USEPA Comment 16 
 

Linear Low Density Polyethylene Geomembrane (2072), Page 2 — The GM 13 reference 
is incorrect, LLDPE should be GM 17. Please reference GRI GM 19 for seam strength 
testing as well. 
 

Response 
 
The reference to GM-13 in Technical Specification 02072 has been corrected to GM-17 and 
material requirements have been checked and updated as necessary, in Table 02072-1, to 
conform to GM-17. Additionally, as requested, GRI GM-19 has been referenced in Technical 
Specification Section 02072, Section 1.2.B in relation to seam strength testing and the relevant 
requirements added to Table 02072-2. 
 
 
USEPA Comment 17 
 

2072, page 9 — Please confirm the intent to perform third party conformance testing. 
 

Response 
 
A requirement for third party testing of the geomembrane has been added to Section 2.3.B of 
Technical Specification 02072 and similarly in Technical Specification 02073. 
 
 
USEPA Comment 18 
 

2072, page 10 —Will the Geomembrane material be purchased in one shipment in 2010 
or in two separate shipments for each construction phase? Please discuss the 
requirements for conformance testing and direct shear testing if separate shipments in 
2010 and 2011 are planned. 
 

Response 
 
The logistics for geomembrane material purchase have not yet been determined; however, 
conformance testing will be required for material delivered to the OU. This requirement has been 
clarified in Section 2.3.B of Technical Specification 02072 and similarly in Technical Specification 
02073. 
 
 
USEPA Comment 19 
 

2072, page 20 — Michigan Part 115 requires destructive testing frequencies at a 
minimum of once per welder per machine per day as well as at a minimum (not minimum 
average), 500' of seam length. Please revise. 
 

Response 
 
Section 3.3.J.3 of Technical Specification 02072 has been updated so that destructive testing 
frequencies are consistent with the requirements of Michigan Part 115.  
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USEPA Comment 20 
 

2072, page 24 — Please confirm the intent for the Contractor's Professional Engineer to 
seal the certification documents and drawings. 
 

Response 
 
It is the intent that the Geosynthetics Installer will retain ownership and responsibility for the 
geomembrane until accepted by the Engineer. Record drawings, certified by the Geosynthetics 
Installer and signed and sealed by a Professional Surveyor, will be provided to the Engineer for 
acceptance. This has been further clarified in Technical Specification 02072, section 3.5.B.4. 
 
 
USEPA Comment 21 
 

2072, Table 02027-1 — Please review the material requirements against GRI GM -17. 
 

Response 
 
See response to USEPA comment 16. 
 
 
USEPA Comment 22 
 

2072, Table 02027-2 — Please specify the mode of failure and acceptance criteria for 
destructive tests as required by Michigan Part 115 and per GRI GM-19. 
 

Response 
 
See response to USEPA comment 16. 
 
 
USEPA Comment 23 
 

Geosynthetic Drainage Composite (2073) — Page 14 — Please confirm the intent to 
perform conformance testing on the GDC; please correct the reference to geomembrane 
on line 2 of Sampling Procedures. 
 

Response 
 
Conformance testing will be performed on the Geosynthetic Drainage Composite as specified in 
Table 02073-2. The reference to “geomembrane” has been corrected to “GDC” in the Sampling 
Procedures. 
 
 
USEPA Comment 24 
 

Residuals Consolidation (2311) — General — The placement and geotechnical 
requirements of this section should be related back to the slope stability analysis. 
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Response 
 
Technical Specification 02311 and Section 4.7.2 of the Final Design Report have been updated to 
clarify that placement and geotechnical requirements are to be consistent with the design slope 
stability analysis. 
 
 
USEPA Comment 25 
 

2311, page 3, part M — Please address variability in the sampled residual materials and 
the possible need for additional geotechnical testing. 
 

Response 
 
Section 3.2.M of Technical Specification 02311 has been revised to include all relevant 
geotechnical testing. The need for this testing will be based on the variability of materials within 
each excavation area. 
 
 
USEPA Comment 26 
 

2311, page 5 — Please relate these proof-rolling requirements to achieving the required 
material properties used in the slope stability analysis. 
 

Response 
 
Proof-rolling will be used to visually assess compaction density in the field. Material properties will 
be verified by the specified material testing following completed placement. The specified testing 
results will be used to determine if placement conditions have been achieved and are consistent 
with the slope stability analysis (i.e. unit weight and moisture). This has been further clarified in 
Section 3.5 of Technical Specification 02311. 
 
 
USEPA Comment 27 
 

2311, page 6, part B — If Proctor testing is the basis for testing, compaction percentages, 
moisture requirements, lift thicknesses need to be defined for quality assurance 
purposes. Proof-rolling and unit-weight verification may be a more appropriate means of 
determining if the materials meet the requirements listed in the slope stability analysis. 
 

Response 
 
Proof rolling and unit weight verification following material placement will be used to determine if 
the materials meet the requirements listed in the slope stability analysis. Section 3.5 of Technical 
Specification 02311 has been updated to reflect this activity. 
 
 
USEPA Comment 28 
 

2320 — Fill Materials, Section 1.2 — The ASTM reference list is incomplete for this 
technical specification. In addition, in previous specifications, D698 is referenced but in 
this section, that is changed to D1557. It is better to keep Proctor tests consistent through 
quality assurance observations and testing. If changed here to D698, change the 
compaction requirement to 95%. 
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Response 
 
The ASTM reference list has been updated to include an additional ASTM reference for hydraulic 
conductivity testing. The reference to D1557 has also been changed to D698 and the compaction 
requirement has been changed to 95% as requested. 
 
USEPA Comment 29 
 

2320, Section 3.2B and 3.2G — See Comment 26; utilize standard Proctor for 
consistency. 
 

Response 
 
The standard Proctor test has been referenced in Technical Specification 02320 as requested. 
 
 
Specific Comments on 2010 Pre-Final Remedial Design Report - Drawings: 
 
USEPA Comment 30 

 
Sheet 4 — The spot elevation on the A-Site landfill is incorrect. 
 

Response 
 
In concert with the regrading design work completed on both the A-Site and Willow Boulevard 
landfills, the peak elevations on each landfill have been revised. Revisions have also been made 
to Table 4-2 of the Final Design Report reflecting the peak elevation changes 
 
 
USEPA Comment 31 

 
Sheet 5 — The proposed swale (detail 4/13) is not located on this drawing. 
 

Response 
 
The proposed swale is located on the south west side of the Willow Boulevard Landfill. Additional 
labeling has been added to Sheet 5 to further clarify the location of the swale. 
 
 
USEPA Comment 32 
 

Sheet 5 — Please consider adding a detail for the final cover collection pipe outlet and 
permanent erosion control mat. How far downslope does the mat extend? How wide is 
the mat at this location? 
 

Response 
 
A revision has been made to the design to include riprap at all final cover collection pipe outlets 
(see response to MDNRE comment 3). A detail for each riprap apron is provided on Construction 
Drawing 14. 
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USEPA Comment 33 
 

Sheet 16 — The gas vents shown in Detail 1 do not seem to be shown on the plan 
(Sheet 6). 
 

Response 
 
The vent pipes shown on Construction Drawing16 (air pressure relief vents associated with the 
downchute pipe system) are not the same type of vent pipes indicated on Construction Drawing 
6. An explanatory note has been added to Construction Drawing 6 clarifying the difference 
between the two vent types. 
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MDNRE Comments on 2010 Pre-Final Remedial Design Report: 
 
General 
 
MDNRE Comment 1 
 

As stated in Section III(C), second paragraph, of the Statement of Work (SOW), 
Appendix C to the United States of America v. Georgia-Pacific LLC Consent Decree (Civil 
Action No. 1-09-cv-429), a draft Operations and Maintenance Plan (OMP) and a 
Contingency Plan are required as a part of the Pre-Final and Final Design submittals. A 
draft OMP and Contingency Plan have not been included with the Pre-Final Remedial 
Design submittal. 
 

Response 
 
The Statement of Work (SOW) contains two conflicting paragraphs on the submittal of the O&M 
Plan. In Section 3, Task 5 of the SOW, it is outlined that the initial draft of the O&M Plan should 
be submitted with the Final Design. A draft O&M Plan is therefore included with this draft Final 
Design Submittal.  
 
The requirements for a Contingency Plan are included within the Health and Safety Plan Section 
of the SOW. The approved Multi-Area HASP and applicable addenda for the WB/A-Site OU 
provide the large majority of information required for the Contingency Plan. Further clarification on 
how the Contingency Plan requirements of the SOW have been met, have been added in Section 
7.1.1 of the Final Design Report. 
 
 
Remedial Design Report 
 
MDNRE Comment 2 
 

Section 4.4.2 
Additional detail is needed in this section regarding the quantity of samples that will be 
composited for each composite sample to be submitted for laboratory analysis. Additional 
details were provided verbally on January 6, 2011, during a conference call with the 
USEPA, DNRE, CH2M Hill, and ARCADIS indicating that each composite sample would 
be composed of a minimum of six sample locations, and two composite samples would 
be submitted for laboratory analysis for every 10,000 cubic yards of materials stockpiled. 
The DNRE finds this methodology acceptable; however, if multiple soil types are 
indentified then each soil type should be sampled and analyzed separately. The text of 
the Pre-Final Report needs to present this specific level of detail. 

Response 
 
See response to USEPA Comment 3 
 
 
MDNRE Comment 3 
 

Section 4.5.1 
This section states the collected pore water will be drained via outlet pipes onto riprap 
stabilized surface areas. Sheet 5 indicates the pore water will be drained via outlet pipes 
onto permanent soil erosion control matting. The preferred discharge surface is riprap. 
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Response 
 
The design has been amended and riprap is now specified at each of the final cover collection 
pipe outlets.  
 
 
MDNRE Comment 4 
 

Section 5.1.1 
The frequency of sampling and analytes indicated in Table 5-1 may need to be revised 
upon receipt of the substantive requirements document (SRD) for discharge. The text 
needs to state that the sample frequency and analytes will correspond to the issued SRD. 
 

Response 
 
Further clarification has been included in section 5.1.1 in the draft Final Design Report to explain 
that sample frequency and analysis will correspond to the issued SRD.  
 
 
MDNRE Comment 5 
 

Section 6.1 
This section contains a typo for Act 451 [Act 45]. 
 

Response 
 
This typo has been corrected in Section 6.1 of the draft  Final Design Report 
 
 
MDNRE Comment 6 
 

Section 7.2.1 
The end of the second paragraph in this section identifies that the ancillary areas 
adjacent to A-Site may be excavated during Phase 1 activities, but does not indicate if 
that material will be placed into Willow Boulevard landfill or stockpiled over the winter for 
placement into A-Site landfill during Phase II activities. This section needs additional 
detail to clearly identify how and when this material will be handled, including rationale for 
stockpiled storage over the winter, if appropriate. If stockpiling is being considered, this 
section needs to identify confirmation steps that will be taken to assure no releases 
resulted from the stockpiled waste residuals. 
 

Response 
 
Language pertaining to possible excavation of ancillary areas adjacent to A-Site was included to 
provide schedule flexibility in the event  desirable (i.e., dry) conditions occur during the first year 
of construction that would allow for more efficient and timely removal of the material compared to 
a later schedule when significantly wetter conditions may exist. Further clarification has been 
included in Section 7.2.1 to provide details on planned stockpiling activities during the winter 
months should the opportunity for earlier excavation work become available. 
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MDNRE Comment 7 
 

Section 7.3.1 
This section needs to include that "The written report shall identify any performance 
standards that have not been met as of the date of the report, and shall include as-built 
drawings signed and stamped by a professional engineer." per Section III Task 4(D2) of 
the SOW. 
 

Response 
 
The recommended text has been included in Section 7.3.1 of the draft Final Design Report. 
 
 
MDNRE Comment 8 
 

Appendix C 
Section 4 of the draft Performance Standards Verification Plan (PSVP) does not describe 
how the grid nodes will be selected for sampling and should include a grid overlay for 
each excavation area that identifies the sampling points. Additionally, this section should 
include contingency planning for scenarios including a smaller or larger excavation area 
(bottom and/or sidewalls). 
 

Response 
 
Note: Reference to Section 4 is assumed to be to Section 2 (confirmation sampling). 
Figure 2-2 has been included in the PSVP to provide an example of a proposed sample location 
layout. It is anticipated that the layout could change in the field if limits of excavation are different 
to those assumed in the design. The figure has therefore been marked as “draft - subject to 
modification in the field” and will be finalized based on actual site conditions. 
 
 
MDNRE Comment 9 
 

Section 5.3 of the draft PSVP should indicate that placement of the downgradient surface 
water monitoring locations will be determined in consultation with the USEPA and DNRE 
for agency approval. 
 

Response 
 
Section 5.3 of the PSVP has been revised to include the suggested text explaining that surface 
water monitoring locations will be determined in consultation with USEPA and MDNRE. 
 
 
MDNRE Comment 10 
 

Appendix G 
The soil loss calculation presented in Appendix G-1 utilizes assumptions and constants 
that are not representative of typical, anticipated site conditions post construction. For 
example, a more representative value for the cover management factor (C) for an 
estimated 95-100% cover with an organic matter greater than 2.5% topsoil is 0.007 and 
the C value for an estimated ground cover of 90% with an organic matter ranging from 
1.25% to 2.5% topsoil is 0.014. Additionally, the calculation presented in Appendix G-1 
uses a method of selecting the slope length and steepness factor (LS) from a table of 
standard values. However, a more acceptable method is to calculate the LS as described 
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in the enclosed guidance document titled Waste Management Division Final Cover 
Erosion Control Design Guidance, dated October 31, 1995. The soil loss calculations 
need to be re-calculated using typical values and methods as outlined in the attached 
guidance document. Should an approach that deviates from the guidance be preferred, 
the Final Remedial Design must include supporting justification and rationale from those 
alternate approaches. 
 

Response 
 
The soil loss calculation in Appendix G-1 has been modified in accordance with the guidelines 
presented in the Waste Management Division Final Cover Erosion Control Design Guidance. 
 
 
MDNRE Comment 11 
 

Appendix H 
The Draft Construction Quality Assurance Project Plan (CQAPP) does not include all the 
required components of Section IV(4) of the SOW. For example, the "Qualifications of the 
Quality Assurance Official to demonstrate he possesses the training and experience 
necessary to fulfill his identified responsibilities; protocols for sampling and testing used 
to monitor construction; identification of proposed quality assurance sampling activities 
including the sample size, locations, frequency of testing, acceptance and rejection data 
sheets, problem identification and corrective measures reports, evaluation reports, 
acceptance reports, and final documentation." have not been included. It is noted that the 
draft CQAPP references the Project Documents as including the specific details that are 
required by the SOW to be included in the CQAPP. This type of reference to the Project 
Documents does not meet the requirements of the SOW. 
The draft CQAPP needs to meet the requirements of R 299.4916, R 299.4918, and R 
299.4821 of the Administrative Rules promulgated pursuant to Part 115, Solid Waste 
Management, of the Natural Resources and Environmental Protection Act, 1994 PA 451, 
as amended, in addition to the requirements of Section IV(4) of the SOW. 
 

Response 
 
The CQAPP has been reviewed against the requirements of the SOW. In order to minimize 
duplication across the various documents included in the final design, references to specific 
requirements presented in other project documents have been included in the CQAPP where 
appropriate. 
 
 
Remedial Design Specifications 
 
MDNRE Comment 12 
 

Specification Section 01720 
This section needs to include the vertical and horizontal reference datum. 
 

Response 
 
Vertical and horizontal reference datums have been provided in Section 3.2.A of Technical 
Specification 01720 as requested. 
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MDNRE Comment 13 
 

Specification Section 02072 
Section 1.2 incorrectly references the test methods, test properties, and testing frequency 
for linear low density polyethylene (LLDPE) smooth and textured geomembranes as GM 
13; the correct reference is GM 17. 

Response 
 
See response to USEPA Comment 16. 
 
 
MDNRE Comment 14 
 

Section 1.4 does not include qualifications for the laboratory to be used for testing 
services for all installed geomembrane, and Section 1.5 does not include a required 
submittal of information to determine adequacy of the proposed laboratory. 
 

Response 
 
Qualifications for the laboratory that will be used for testing services for the installed 
geomembrane have been added in Section 1.4 of Technical Specification 02072 as requested. 
Section 1.5 has also been supplemented with required submittals information from the proposed 
laboratory. Technical Specification 02073 has been updated similarly. 
 
 
MDNRE Comment 15 
 

Section 2.3 of this specification references the minimum manufacturing quality control 
tests that should be performed (Items A.2.c.2 and B.5 and Table 022072-1) for the 
LLDPE geomembrane. The test methods cited at each location are not consistent for 
thickness and asperity height, and not currently up-to-date with industry standards for 
carbon black content and stress crack resistance. 
 

Response 
 
Technical Specification 02072 has been reviewed for consistency and revised tables have been 
included in Sections A.2.c.2 and B.5 and Table 022072-1. 
 
 
MDNRE Comment 16 
 

Specification Section 02311 
This section needs more details describing how wet wastes and dewatered liquids will be 
handled. It is not acceptable to indicate that the wet wastes and dewatered liquids will be 
handled as directed by the Engineer. 
 

Response 
 
An additional specification has been added for Dewatering and Water Treatment (Technical 
Specification 02240). Technical Specification 02311 has been updated to refer to this new 
specification. 
 
 



DRAFT FOR FEDERAL AND STATE REVIEW 

G:\COMMON\64581-A-site\11 Draft Reports and Presentations\2011 Final Remedial Design Report\Appendices\Appendix K - Responses to Comments on the Pre-Final Design\Appendix K - 03 09 
11 (Response to comments on Pre-Final Design Report).doc - 15 - 

Created by: DA 3/9/2011 
Project Number:  B0064581.0001 & B0064582.0001 

MDNRE Comment 17 
 

Section 3.9 Field Quality Control identifies that proctor, density, and moisture testing is 
required for the graded residual materials; however, minimum/maximum acceptable 
requirements for the referenced testing have not been specified. The DNRE recommends 
the waste residuals be compacted and that minimum/maximum acceptable requirements 
be determined for the above referenced testing to ensure that settlement does not occur 
and result in reversal of flow in stormwater management features. 
 

Response 
 
Refer to response to USEPA comments 24, 25, 26, and 27. Due to variability of residuals and 
high water contents, which were included in the slope stability evaluation, a more appropriate 
method to verify material placement has achieved the design parameters is by proof-rolling, 
moisture content and unit weight verification 
 
 
MDNRE Comment 18 
 

Specification Section 02320 
The material specified for gas venting sand should be a material that is more permeable 
than an in-place hydraulic conductivity of 1x10-3 centimeters per second. An acceptable 
hydraulic conductivity is 1x10-2 centimeters per second. Gas venting sand should be 
tested for grain size analysis at a rate of 1 per 1,000 cubic yards and for hydraulic 
conductivity at a rate of 1 per 2,500 cubic yards. 
 

Response 
 
The material permeability currently specified for the gas venting layer (1x10

-3
 centimeters per 

second [cm/sec]) is considered to be sufficient for landfill gas management for both the A-Site 
and Willow Boulevard Landfill closures, particularly with consideration of the design gas collection 
piping and vent system. Part 115 (Type III landfills) does not provide a specific permeability 
requirement (or reference) for the gas venting layer material; however, a material permeability of 
1x10

-3
 cm/sec is consistent with the gas venting layer material permeability used for other landfill 

closure projects located in the Kalamazoo area (i.e., King Highway Landfill and Allied Paper Site). 
Technical Specification 02320 – Fill Materials therefore retains the permeability requirement of 
1x10

-3
 cm/sec for the gas venting layer material but has been updated to include testing 

frequencies for particle size analysis (ASTM D422) at a rate of 1 test per 2,500 cubic yards and 
permeability (ASTM D2434) at a rate of 1 test per 5,000 cubic yards. 
 
 
MDNRE Comment 19 
 

Part 3 of this specification should indicate that general fill being placed over the 
geosynthetic material shall be worked into place from the toe of slope upward to the top 
of slope to the greatest extent practicable, not exceeding more than 45 degrees from the 
flow line slope to avoid strain on the geosynthetic material. 
 

Response 
 
Text has been added into Section 3.2.B of Technical Specification 02320 to indicate that general 
fill being placed over the geosynthetic material is to commence from the toe of slope upward to 
the top of slope where practicable. 
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MDNRE Comment 20 
 

Section 02522 
The DNRE recommends that wire wrapped well screens (preferable v-shaped) be used 
instead of machine slotted well screens to promote the collection of representative 
groundwater samples. 
 

Response 
 
Technical Specification 02522 has been updated and this change has also been incorporated 
within the Construction Drawings.  
 
 
MDNRE Comment 21 
 

The DNRE recommends that development by mechanical surging be completed to take 
advantage of the open area provided by wire wrapped screen well construction. The 
DNRE understands that the specific details of well development have not been provided 
at this time and will be provided in the Groundwater Monitoring Plan as a part of the 
Remedial Action Work Plan submittal. 
 

Response 
 
Well development will be completed in accordance with the approved Multi-Area Field Sampling 
Plan. To minimize residual high turbidity in the well, surging will be completed using variable 
pump rates with the pump moved throughout the screened interval. 
 
 
MDNRE Comment 22 
 

The DNRE recommends that the background upgradient monitoring wells be constructed 
with a double-cased construction to avoid mobilization of contaminated materials down 
the well during construction. 
 

Response 
 
Upgradient monitoring wells will be installed in clean material, but if impacted material is removed 
from a proposed upgradient monitoring well location, then double case techniques will be 
considered. All upgradient wells at the site have therefore been amended to be double-cased as 
requested. Technical Specification 02522 has been revised to include this feature.  
 
 
MDNRE Comment 23 
 

Specification Section 02922 
Part 2 of this specification identifies that vegetative soil shall have an organic content 
between 5% and 20% and a pH between 5.5 and 7.5 but does not specify any testing 
procedures to determine if proposed materials are adequate or inadequate. 
 

Response 
 
ASTM testing requirements for organic content and pH have been added to Technical 
Specification 02922 in Sections 1.2 and 2.1. 
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MDNRE Comment 24 
 

Part 2 of this specification identifies fertilizer shall be a standard quality commercial 
carrier of available plant food elements containing a minimum of 10% nitrogen, 10% 
phosphoric acid, and 10% potash; however, the Final Remedial Design should instead 
state that fertilizer specifications will be determined after nutrient testing of the topsoil to 
determine actual nutrients needs and avoid discharge of excess fertilizer components 
into the surface water bodies. 
 

Response 
 
Part 2 of Technical Specification 02922 has been revised to require that the contractor collect soil 
samples and perform testing necessary to determine appropriate fertilizer amendments and that 
the results and associated recommends be submitted to the Engineer for review and approval. 
 
 
Construction Drawings 
 
MDNRE Comment 25 
 

Sheet 5 
This sheet shows outlet of storm water from the final cover collection pipe onto the sloped 
(4% to 33%) areas of the final cover in addition to three discharge points into the 
Kalamazoo River. The long-term discharge of storm water onto the vegetative cover of 
the final cover system may cause or increase the erosion potential at the many outlet 
locations and down slope areas near the outlet locations. The DNRE recommends that 
alternate discharge options be evaluated and incorporated into the Final Remedial 
Design to eliminate the many outlet locations to the vegetative cover. 
 

Response 
 
The final cover collection pipe outlets at design low points and at intermediate locations 
positioned along the collection pipe length. The intermediate outlet locations are provided based 
on design pipe flow capacity constraints. The velocity and discharge rates anticipated at the pipe 
outlet locations is relativity low and is dependent on the permeability of  the final cover soils and 
the rate of precipitation infiltration. The collection pipe outlets have been revised to include riprap 
protection instead of the erosion control matting. 
 
 
MDNRE Comment 26 
 

Sheet 7 
The proposed background or upgradient groundwater monitoring locations are in areas 
susceptible to the transport of site-related contamination. The soils in the immediate 
vicinity of the proposed locations have been shown to contain concentrations of 
polychlorinated biphenyls. The groundwater quality at these locations will likely be 
influenced by flood events affecting these areas, infiltration of precipitation or surface 
water through contaminated soils, and groundwater reversals during periods of increased 
river elevation. Background monitoring locations should be moved south of Lake Street to 
surface elevations greater than the 100 year flood elevation of approximately 765 feet 
above mean sea level. 
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Response 
 
The location of upgradient wells at A-Site is not a large concern because the proposed locations 
are far enough from the limits of waste. At Willow Boulevard, however, the wells are in a 
remediation area where a cleanup criteria of essentially non-detect will be established and where 
double-cased wells will be used. ARCADIS has concern with relocating outside of the 100-year 
floodplain due to the distance between the Landfill and the edge of the floodplain. Land use in the 
area is residential or commercial, so there would be a question as to whether the data would be 
representative of upgradient conditions for the Operable Unit. Consideration was given to building 
up the ground surface around the wells, however, in the critical area to the south of Willow 
Boulevard, there is very little room between the landfill and the fenceline and any buildup of the 
ground would likely cause problems for drainage. 
 
 
MDNRE Comment 27 
 

Sheet 12 
Note 2 states the collected pore water will be drained via outlet pipes on to riprap 
stabilized surface areas. Sheet 5 indicates the pore water will be drained via outlet pipes 
onto permanent soil erosion control matting. The preferred discharge surface is riprap. 
 

Response 
 
See response to MDNRE Comment 3. 
 
 
MDNRE Additional Comment to Specifications (provided in K. Zakrzewski email, January 
21, 2011) 

 
Section 02320 
Section 3.2,C,2 indicates that the gas venting sand shall be compacted in-place by 
multiple passes of suitably sized equipment. DNRE would encourage the language to be 
revised to not require compaction of the gas venting sand but instead to require 
consolidation that would occur as a result of placement and grading. 
 

Response 
 

No compaction is required for gas venting sand other than that which occurs as a result of 
placement and grading. This change has been made in Section 3.2.C.2 of Technical Specification 
02320. 
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GEORGIA-PACIFIC LLC
ALLIED PAPER, INC./PORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE
WILLOW BOULEVARD/A-SITE LANDFILL OPERABLE UNIT 2 REMEDIAL DESIGN

Revisions made to the Construction Drawing Package since Pre-Final Design

General

All property lines have been removed for clarity except for Georgia-Pacific property lines.

Minor revisions have been made throughout the drawing set to make linetypes more clear.

Per response to USEPA Comment 8, regrading work has been performed and new grading is 
included in all plan views.

Minor editorial changes have been included throughout the package to provide further clarification 
in drawings notes. 

Specific

Construction Drawing 1

Notes added to label the access bridge across and flow direction within Davis Creek.

Construction Drawing 4

In concert with the regrading design work completed on both the A-Site and Willow Boulevard 
landfills, the peak elevations on each landfill have been revised. 

Construction Drawing 5

Additional labeling has been added to Sheet 5 to further clarify the location of the swale.

Riprap has been added at each of the final cover collection pipe outlets. 

Stormwater drainage and gas vent locations have been revised in conjunction with the regrading 
around the landfills.

Construction Drawing 6

An explanatory note has been added to clarify the difference between the air pressure relief vents 
and the landfill gas vents.

Construction Drawing 7

Gas vent locations have been removed for clarity.
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Construction Drawing 8

Spot elevations have been added to the open water and wetland areas.

Construction Drawing 11

Additional labels have been added to point out the location of the flexible membrane liner and 
extrusion welds.  

The geosynthetic anchor trench has been moved on the A-Site Landfill to the outer edge of the 
access road.

A second final cover collection pipe has been added to each section.

Construction Drawing 12

Section 1 has been removed and Sections 2 and 3 renumbered as 1 and 2, respectively.  

A second final cover collection pipe has been added to each section.

Construction Drawing 13

Detail 1 – A note has been included to indicate that a geosynthetic drainage layer may be used in 
place of the gas venting sand layer.

Details 3 and 4 have been revised to be a “Swale” and “Mid-Slope Swale”, respectively.

Detail 5 has been added to provide further detail on the outlet of the final cover collection pipe 
along the plateau of A-Site Landfill.

Construction Drawing 14 

Detail 2 has been revised to eliminate the reference to PVC and to refer to Technical 
Specification 01571

Detail 4 – A minor revision has been made to the riprap apron to extend it up to the bottom of the 
culvert/downchute collection pipe.

Construction Drawing 15

Detail 1 – the maximum channel depth has been revised to 3 feet.

Culvert sizes have been adjusted to be consistent with the revised grading design.
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Construction Drawing 16

Detail 1 – The configuration and size of the downchute pipes have been revised based on the 
revised final cover grading configuration.

Detail 1 – Gabion baskets at the outlet of the drainage downchute pipes have been replaced with 
reno mattresses. This change was made based on the revised estimated design flow conditions.

Detail 2 – Debris screens have been added to the upstream end of the downchute pipes.

Construction Drawing 17

Details 2 and 3 – Placement of the geotextile surrounding the select aggregate fill have been 
revised to include only the perforated pipe.

Construction Drawing 18

The screen type has been revised to indicate “wire-wrapped”.

The screen length has been revised to 7 feet and Note 1 has been added to describe placement 
of the screen across the water table.

Construction Drawing 19

Detail 3 – Note 2 has been updated to refer to permanent erosion control fabric.

Detail 7 has been added to illustrate soil-choked stone configuration.

Construction Drawing 20

The open water label in Detail 1 has been eliminated and the emergent wetland elevation has 
been revised.
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